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was  and  9St  for  plantlets  and  seedlings,  respectively, 
seedlings  had  higher  net  photosynthesis,  chlorophyll,  and 
total  nitrogen  at  early  harvests,  and  the  differences 


Plantlets  had  higher  dry  stem,  leaf,  and  root  weights  and 
lower  growth  rates  at  all  harvests;  however,  the  difference 
decreased  with  harvests.  Plantlets  also  showed  higher 


within  plantlets  and  seedlings  in  dry  weight  accuaulation 


Indirect  micropropagation  through  somatic 
embryogenesis  was  attempted  using  immature  inflorescences, 
floral  parts,  shoots  tips,  zygotic  embryos  and  hypocotyls. 


concentrations.  However,  highly  morphogenic  callus  was 
observed  from  hypocotyl  explants  on  4 mg/1  of  NAA  and  1 
mg/1  of  Kinetin.  Such  callus  produced  a large  number  of 


CHAPTER  a 

GENERAL  INTRODUCTION 

Through  vegetative  propagation  the  unique  traits  of 
genotypes  can  be  transmitted  intact,  several  techniques 
have  been  developed  over  the  years,  which  include  rooted 
cuttings,  grafting,  layering,  and  tissue  culture.  Tissue 
culture  techniques  (the  aseptic  growth  of  cells,  tissues, 
and  organs  in  vitro*  have  greatly  increased  the  potential 
of  asexual  propagation  by  exploiting  regenerative  abilities 
of  tissues  more  efficiently  in  a wider  range  of  plants  than 
is  possible  with  conventional  methods.  Cell  culture  is  also 
reeognired  as  an  important  tool  for  genetic  engineering, 
molecular,  and  physiological  studies. 

History  of  Plant  Tissue  Culture 
Totipotency,  the  ability  of  individual  cells  to 
develop  into  whole  plants  has  formed  the  basis  for 
regeneration  and  propagation  of  selected  genotypes  through 
tissue  culture.  The  totipotency  theory  was  first  proposed 
and  clearly  formulated  by  the  German  botanist  Haberlandt  in 
1902  (Murashige,  1974:  Vasil  and  Vasil,  1982). 

Unfortunately  all  his  attempts  to  regenerate  plants  from 
palisade  mesophyll  cells  in  a simple  hormone-free  media 
But  the  importance  of  asepsis  was 


successful. 


of  Skoog  and  Miller  (1957) . The  basic  regulatory  mechanism 
underlying  organogenesis  involved  a balance  between  the 
concentration  and  the  ratio  of  cytokinin  to  auxin.  A 
relatively  high  level  of  cytokinin  to  auxin  favored  shoot 
formation,  while  the  reverse  favored  root  formation. 
Intermediate  ratios  promote  callus  growth.  They  suggested 
that  quantitative  interaction  between  growth  factors  rather 
than  specific  morphogenic  substances  provided  a mechanism 
for  the  regulation  of  the  organogenic  phenomena  in  plants. 
It  was  effectively  the  balance  between  the  exogenous  and 
endogenous  factors  interacting  together  which  regulate 
organogenesis  Id  vitro  (Thorpe,  1982;  Thorpe  and  Blondi, 
1981) . Tissue  culture  techniques  have  improved  since  then, 
and  new  developments  have  taken  place  such  as  suspension 
culture  and  somatic  embryogenesis. 

The  Impact  of  plant  tissue  culture  on  clonal 
propagation  began  with  shoot-tip  culture  for  virus  free 
orchids  by  Morel  (i960) . Today  commercial  growers  are  using 
shoot  culture  for  clonal  propagation  of  many  plant  species 
(Hurashige,  1974;  Vasil  and  Vasil,  1982). 


Plant  Regeneration 

Regeneration  of  plants  via  tissue  culture  can  occur 
directly  or  indirectly.  Direct  regeneration  is  through 
proliferation  of  already  existing  organa  to  produce  large 
numbers.  This  is  sometimes  termed  shoot,  bud,  or  nodal 


culture.  This  systen  has  been  widely  used  in  horticultural 
plants,  noatly  ornaioental  and  fruit  crops.  Indirect 
regeneration,  on  the  other  hand,  is  the  regeneration  of 
whole  plants  through  a callus  phase.  Callus  can  then 
differentiate  into  organs  such  as  shoots  and  roots 
(organogenesis)  or  embryos  (somatic  embryogenesis) . 

Organogenesis  and  somatic  embryogenesis  are  usually 
initiated  with  the  formation  of  neristenatic  centers,  with 
small  densely  cytoplasmic  cells  with  large  nuclei,  in  areas 
of  intensive  cell  division  activity  , forming  meristemoids 
(Thorpe,  1962) . such  meristemoids  are  capable  of  giving 
rise  to  either  shoots,  roots  or  embryos.  These  adventitious 
organs  which  develop  nay  arise  directly  from  the  original 
tissues  or  indirectly  through  callus  phase. 

Plant  regeneration  is  a complex  morphogenetic 
phenomenon  controlled  by  intrinsic  and  extrinsic  factors. 
Successful  regeneration  depends  on:  1)  selection  of  a 
suitable  explant  to  start  the  culture,  2)  proper  choice  of 
the  nutrient  media  and  3)  control  of  the  culture 
environment. 

The  EXDlant 

The  explant  is  one  of  the  most  important  factors 
controlling  the  success  of  regeneration  under  culture 
conditions.  The  importance  of  the  explant  has  been  stressed 
by  many  researchers  (Hurashige,  1974;  Thorpe,  1982).  They 


idantified  many  factors  which  Influence  the  explant: 
genotype  of  the  stock  plant,  the  season  of  the  year,  the 
organs  or  tissues  serving  as  the  explant,  the  size  and  the 
physiological  age  of  the  explant,  and  the  physiological 
state  and  age  of  the  donor  stock  plant.  Although 
totipotency  is  thought  to  ba  an  inherent  quality  of  plant 
cells,  its  expression  is  very  much  affected  by  such 
factors.  Large  genetic  variability  has  been  observed  in 
terms  of  the  readiness  of  explant  response  to  tissue 
culture  conditions.  Also  the  more  juvenile  (physiologically 
young)  the  explants,  the  more  they  express  their 
totipotentiality.  The  frequency  of  survival  as  well  as  the 
rate  of  development  of  explants  in  vitro  may  be 
proportional  to  the  initial  explant  size.  However,  the  rate 
of  contamination  is  also  proportional  to  the  explant  size. 
The  ability  of  the  explant  to  respond  to  tissue  culture 
medium  is  also  controlled  by  the  culture  physical 
environment.  Thus  differentiation  patterns  that  develop  in 
culture  depend  on  the  genetic  potential  of  the  plant  and 
the  chemical  and  physical  environmental  conditions  to  which 
they  are  subjected. 

nutrient  Media 

Composition  of  the  nutrient  media  regulates  to  a large 
extent  the  development  and  differentiation  pattern  in 
culture.  For  successful  culture  added  nutrients  must  be 


suitable  in  both  chemical  oompoaitlon  and  physical 
qualities.  The  major  constituents  of  the  media  are 
inorganic  salts,  carbon  source,  vitamins,  organic  nitrogen, 
and  growth  regulators. 

Actively  growing  tissues  under  culture  require  a 
continuous  supply  of  inorganic  salts.  Of  the  macro- 
elements, nitrogen,  potassiiuo,  phosphorus,  calcium, 
magnesixim  and  sulfur  are  usually  required  in  larger 
quantities  than  other  mineral  nutrients  (Gamborg,  1985; 
Orias-Akins  and  Vasil,  1985).  The  micro-elements  usually 
required  in  a very  small  amount  are:  iron,  manganese, 
boron,  zinc,  molybdenum,  copper,  iodine,  and  cobalt  (Ozias- 

Sucrose  and  glucose  are  usually  the  standard  carbon 
source  for  tissue  culture  media  (Osias-A)cins  and  Vasil, 
1965) . Glucose  has  proven  superior  to  sucrose  only 
occasionally  (Hurashige,  1974).  Maltose  and  other 
carbohydrates  are  generally  found  to  be  inferior  to  sucrose 
or  glucose  as  the  carbon  source. 

Although  vitamins  can  normally  be  synthesized  by  plant 
tissues,  their  addition  to  culture  media  is  also  necessary. 
Lack  of  certain  vitamins  nay  limit  growth  and  development 
in  culture  and  therefore  have  to  be  incorporated  in  the 
media  (Gamborg  et  al.,  1961).  There  is  usually  a 
requirement  for  thiamine  (Ozlas-Akins  and  Vasil,  1965). 
other  vitamins  usually  added  are  nicotinic  acid  and 


pyrldoxine.  Ascorbic  acid  has  bsen  reported  by  Hurashige 
(1974)  to  prevent  browning  of  explants.  Common  sources  of 
organic  nitrogen  in  tissue  culture  media  include  amino- 
acids  such  as  glycine,  glutamine  and  asparagine. 

The  combination  of  these  nutrients  (macro  and  micro- 
elements, carbon  source,  vitamins  and  organic  nitrogen)  in 
the  media  are  usually  referred  to  as  basal  media.  Several 
basal  media  are  now  available  (Hurashige  and  skoog,  1962: 
Gamborg  et  al.,  1976;  Gamborg,  1965;  oaias-akins  and  Vasil, 
1965).  But,  Hurashige  and  skoog  (HS)  (1962)  (Appendix  1)  is 
by  far  the  most  used  one.  It  is  rich  in  nitrogen  and  other 
macro-elements,  which  tend  to  regulate  the  pH  fluctuation. 

The  growth  regulators  auxins  and  cytokinins  are  the 
most  important  additives  to  the  media,  and  they  are 
considered  responsible  for  stimulation  and  regulation  of 
the  morphogenic  response.  The  most  commonly  used  auxins  are 
indole-3-acetlc  acid  (lAA),  naphthaleneacetic  acid  (HAA), 
indole-3-butyric  acid  (IBA),  and  2 , 4-dichlorophenoxyacetic 
acid  (2,4-D).  The  widely  used  cytokinins  are  6- 
benzyladenine  (6-BA)  6-furfurylaminopurine  (kinetin)  and 
6-(4-hydroxy-3-methyl-2-tranbutenyl)  aminopurine  (seatin). 
For  most  plants  exogenous  auxins  are  essential  for  in  vitro 
cell  division,  and  both  auxins  and  cytokinins  stimulate 
growth,  development  and  differentiation.  Other  growth 
regulators  are  not  usually  used  to  culture  media  except  in 
some  systems  especially  with  somatic  embryogenesis. 


elude  natural  eonplexes  like 
sate,  yeaat  extracts  <Ozlas- 
aklns  and  Vasil,  1985).  They  are  usually  used  to  enhance 
and  improve  responses.  Growth  media  nay  either  be  in  a 
liquid  fom  or  solidified  with  qellinq  agents,  the  nost 
common  of  which  is  agar. 

The  pH  of  the  media,  which  affects  biochemical  and 
physiological  process  of  plant  cells,  is  another  factor  to 

before  autoclaving  were  suitable  (Camborg,  1985),  and 


the  genus  Eucalyptus  in  the  family  Hyrtaceae.  There  are 


Timor,  New  Guinea  and  Philippines.  Because  of  their  high 
attracted  world  attention.  FAO  {1981)  estimated  that  some 


arldwic 


Eucalypts  ware  first  planted  In  Florida  in  1878,  but 
industrial  plantations  were  not  established  until  1972 
(deary  et  al.,  1983).  Large  plantations  were  established 
since  then  in  south  Florida  through  the  cooperative  efforts 
involving  government,  private  land  owners,  and  industry. 
Qrowing  of  adapted  Eucalyptus  species  in  Florida  may  help 
meet  the  increasing  demand  for  hardwood  pulp  in  the  U.S. 
Demand  of  Eucalyptus  has  been  increasing  recently  with  an 
annual  rate  of  19%  (Rockwood  et  al.,  1988).  Eucalyptus 
grandls  (Kill)  Maiden  was  found  through  species  trials 
to  be  the  suitable  Eucalyptus  species  for  south  Florida 
(Geary  et  al. , 1983) . The  advantages  of  planting  £•  arandls 
include  1)  an  exceptional  growth  rate,  especially  compared 
to  native  hardwoods  species  (Roclcwood  and  Geary,  1982)  and 
2)  an  ability  to  coppice,  malting  it  an  attractive  species 
for  short  rotation  biomass  production. 

hn  intensive  breeding  program  was  established  in  south 
Florida.  Through  four  generations  of  selection,  large 
genetic  gain  was  realized  in  terms  of  biomass  production. 
Parallel  to  that,  vegetative  propagation  was  considered  for 
immediate  genetic  gain  by  capturing  vigor  of  £.  arandls 
hybrids.  Vegetative  propagation  of  eucalypts  has  been 
successful  and  large  genetic  gains  have  been  realized  in 
different  parts  of  the  world.  Early  trials  were  developed 
in  Kongo  and  South  Africa,  where  large  genetic  gain  was 
reported  (Denison  and  Quails,  1987).  The  most  successful 


millic 


program  was  developed  aC  Aracruj  where 

genetically  uniform  and  better  quality  trees  with  higher 
biomass  yield  <campinhos  and  Ikenorl,  1983,  1985).  Brando 
(1864)  estimated  1126  gain  from  the  cuttings  in  the  Aracruz 
program.  In  Florida  large  numbers  of  rooted  cuttings  were 

neasurements  showed  excellent  growth  (Bockwood  et  al., 

cuttings  renewed  and  increased  interest  in  Eucalyptus 
tissue  culture. 

Eucalyptus  tissue  culture  initially  concentrated  on 

as  microcuttings,  without  multiplication,  was  the 
subsequent  objective  and  was  achieved  with  £.  arandis 
(Cresswell  and  de  Fossard,  1974;  Cresswell  and  Hltsch, 
1975) . Attention  with  many  Eucalyptus  species  then  shifted 
to  multiplication  of  shoots  before  rooting  (Gupta  et  al. 

was  extensively  reviewed  by  Durnad-cresswell  et  al.  (1982) 
and  recently  by  HcComb  and  Bennett  (1986),  no  major 
development  was  reported,  one  area,  which  is  neglected  in 
tissue  culture  studies  of  Eucalyptus  and  forest  trees  in 
general,  is  the  post-culture  performance  of  plantlets. 


The  major  limitations  of  Eucalyptus  tissue  culture 
were  reported  to  be  sterilisation  of  field  explant 
material,  limited  number  of  shoots,  difficulties  of  rooting 
shoots,  and  inability  to  Induce  embryos  (somatic 
embryogenesis)  or  shoots  (organogenesis)  from  callus. 

Obiectives 

A )cey  element  in  the  application  of  tissue  culture  to 
Eucalyptus  species  is  the  development  of  systems  for 
regeneration  of  plantlets  from  calls,  tissues,  and  organs. 
Development  of  such  systems  could  result  in  large  economic 
and  immediate  genetic  gain  for  this  important  genus  by 
capturing  hybrid  vigor.  It  will  also  open  the  door  for 
silvicultural,  physiological,  and  molecular  studies.  The 
main  goals  of  this  study  were  1)  to  develop  new  direct  and 
indirect  tissue  culture  methods  and  techniques  to  overcome 
some  of  the  limitations  mentioned  earlier  for  three 
genetically  superior  E-  orandls  hybrids  and  2)  to  compare 
plantlets  produced  through  direct  micropropagation  with 
their  related  half-sib  seedlings.  Accordingly  this  study 
was  conducted  and  reported  in  three  parts; 

1)  Direct  mloropropagation  from  sprout-nodal  segments. 

2)  Indirect  raicropropagation  through  somatic 
embryogenesis. 


dry  matte 


CHAPTER  2 

DIRECT  mCROPHOPAGATION  OF  FIELO-TBSTEO  SUPERIOR 
EUCALYPTUS  GRAHDIS  HYBRIDS 


Direct  micropropagation  la  the  neat  widely  used  system 
in  tissue  culture  propagation  industry  (Vasil  and  Vasil, 


micropropagation  leading  to  a successful  system.  Hurashige 
(1974),  in  one  of  the  most  thorough  and  read  reviews  of  the 


(Thorpe  and  Blonde,  1961).  He  defined  three  stages  which 
the  cultures  pass  through  as  they  develop  into  fully 


The  main  objective  of  this  step  is  simply  to  obtain 
unoontamlnated  cultures  with  a reasonable  survival  rate. 


stumbling  block  especially 


stage  II  is  the  multiplication  of  the  shoots.  The 
objective  of  this  stage  is  to  achieve  rapid  proliferation 
of  shoots  which  can  ultimately  give  rise  to  whole  plants. 
The  addition  of  various  plant  growth  regulators  and  other 
nutrients  to  the  medium  can  often  control  the  growth  and 
developments  of  the  cultured  tissues.  However,  specific 
requirements  seem  to  depend  primarily  on  the  species  and 
the  physiological  age  of  the  original  explant. 

Stage  III  is  the  rooting  of  the  shoots  produced  in 
stage  II  and  subsequent  acclimatization  of  plantlets  to  the 
greenhouse  and  field  conditions.  The  main  objective  of  this 
step  is  production  of  full  plantlets  by  inducing 
adventitious  roots  and  then  gradual  hardening  to  normal 
greenhouse  condition  through  mist  stage. 

Recently  some  modifications  of  these  steps  were 
proposed.  Oebergh  and  Maene  (1981)  working  with  ornamental 
plants  suggested  establishment  of  Stage  "0"  to  prepare 
stock  plants  under  hygienic  conditions  to  produce  healthier 
plant  materials  and  reduce  the  contamination  problem  at 
stage  1.  Rooting  stage  was  suggested  to  be  divided  into 
three  stages:  elongation  of  shoots,  rooting,  and 
acclimatization.  Elongation  of  shoots  before  rooting,  which 
has  received  little  attention  in  the  past,  is  becoming  more 
and  more  important  and  was  suggested  as  a separate  step 
(Prancelet  and  Boulay,  1982;  and  Debergh  and  Haene,  1981). 
Also  due  to  the  difficulty  of  root  initiation  in  many 


species,  recent  publications  consider  rooting  as  a 
separate  stage  (Sommer  and  Caldas,  1981).  The  objective  of 
the  rooting  step  is  to  achieve  the  formation  of  functioning 
roots.  The  third  step  is  the  acclimation  and  hardening  of 
plantlets  to  survive  and  grow  under  natural  conditions. 

Censiderations  in  Direct  wicropropaqation 

Success  in  mass  propagation  of  plantlets  through 
direct  micropropagation  depends  on  the  selection  of  a 
suitable  explant  and  appropriate  manipulation  of  the  medium 
and  the  physical  environment  surrounding  the  culture  for 
each  stage  of  development.  Hurashige  (1974)  stressed  the 
importance  of  selecting  the  right  explant  to  achieve 
success,  and  several  factors  should  be  considered  when 
making  the  selection.  These  factors  Include  1)  the  organ 
serving  as  explant,  J)  the  physiological  or  ontogenetic  age 
of  the  organ,  3)  the  season  in  which  the  explant  is 
obtained,  4)  the  size  of  the  cxplant,  and  5)  the  overall 
quality  of  the  plant  from  which  the  explants  are  obtained. 

The  ontogenetic  or  physiological  age  of  the  cultured 
explant  is  a very  important  factor,  particularly  when 
dealing  with  forest  trees.  Host  forest  trees  are  selected 
for  clonal  purposes  after  they  reach  maturity  and  have 
been  grown  in  the  field  for  years.  Generally,  an  inverse 
relationships  exists  between  the  age  of  a woody  plant  and 
the  ease  with  which  the  tissue  can  respond  to  culture 


conditions  (Bongs,  19S2).  Keristeaiatic  apices,  the  centers 
of  grovth  and  organization  in  plants,  undergo  changes  when 
the  plant  matures;  however,  most  trees  have  zones  that 
retain  a degree  of  juvenility  longer  than  other  areas  of 

distance  a shoot  apical  meristem  is  located  from  the  base 
of  the  trunk,  the  more  juvenile  it  generally  is  (Bonga, 
1962) . The  increased  juvenility  toward  the  lover  and  center 
parts  of  the  trees  is  exploited  in  vegetative  propagation 
of  woody  perennials.  The  most  common  practice  is  heavy  and 
repeated  pruning,  or  cutting  down  of  the  trees  forcing 
sprouts  or  coppice  of  new  shoots  to  develop  from  the  lover 
parts  of  the  trunk.  These  juvenile  sprouts  were  laid  down 
in  the  early  life  cycle  of  the  tree  and  remained  suppressed 
and  juvenile  until  released.  Such  phenomena  are  described 
as  arrested  juvenility  (Dunberg,  1977;  Bonga,  1982).  Also 
the  cambium  near  the  base  is  more  juvenile  than  the  upper 
parts  of  the  trees  and  may  retain  some  juvenile 
characteristics  (olesen,  1978).  Similarly  the  coppice  which 
arises  ds  novo  from  the  cambium  at  the  base  of  the  tree  is 
relatively  juvenile.  Another  method  for  obtaining 
juvenility  is  serial  grafting  of  nature  tissues  and  organs 
onto  juvenile  material  (Bonga,  1982). 

Surface  sterilizing  to  remove  microbial  contaminants 
is  another  important  factor  which  should  be  considered 
during  stage  I,  and  methods  have  been  thoroughly  described 


by  oiany  authors  (Hurashlge,  1974).  Generally  the  tissues 
are  placed  into  a disinfesting  solution,  such  as  sodium 
hypochlorite,  and  agitated  for  15-30  minutes.  In  order  to 
achieve  surface  contact  between  the  disinfesting  agent  and 
the  tissue,  a few  drops  of  a wetting  agent  are  used.  A 
compromise  between  the  degree  of  sterilization  and  the 
viability  of  the  explant  has  to  be  reached. 

The  nutrient  medium  used  for  each  stage  of  culture 
must  be  considered  carefully  in  term  of  its  chemical  and 
physical  composition.  The  basal  medium  mostly  used  is  that 
devised  by  Hurashige  and  skoog  (1962)  (Appendix  1).  Auxins 
and  cytokinins  ace  the  most  widely  used  growth  regulators. 
The  balance  between  cytokinins  and  auxins  seems  to  be  the 
most  crucial  factor  for  proper  organogenesis  and 
development.  Cytokinins  are  generally  reported  to  aid  in 
the  proliferation  of  axillary  shoots  at  the  multiplication 
phase  [stage  II).  According  to  Levin  et  al.  (1988), 
cytokinins  enhance  shoot  proliferation  by  Inhibiting  apical 
dominance.  Addition  of  auxins  and  gibberellins  also  have 
been  reported  to  enhance  shoot  proliferation  (Kartha  et 
al.,  1981).  The  reduction  of  cytokinins  and  addition  of 
auxins  are  often  requirements  for  root  development 
(Hurashige,  1974) . Physical  factors  that  must  be  considered 
include  physical  qualities  of  the  medium,  light 
requirements,  and  temperature  of  the  culture. 


past  Direct  MleroDrooaaatlon  of  E.  arandla 


Early  attempts  at  Eucalyptus  nicropropagation  started 
in  the  early  1970S.  Due  to  the  problems  of  contamination 

early  research  was  done  with  aseptic  young  seedling 
explants.  Organ  culture  of  fi.  qrandis  was  first  reported 
with  seedling  explants  (De  Fossard  et  al..  1974f  creeswell 
and  Hitseh,  1975) , where  they  successfully  rooted  stem 
segments  and  transferred  propagules  to  greenhouse 

reported  media  for  multiplication  and  rooting  for  seedling 
nodal  segments  of  12  Eucalyptus  species.  Hicropropagation 
of  mature  trees  of  qrandis  were  reported  by  Cresswell 
and  Nitsch  <1977),  Furze  and  Cresswell  (19B5),  Rao  and 
Venkateswara  (1985) , and  takshmi  Sita  (19B6) . Cresswell  and 
Nitsch  (1977)  were  able  to  control  the  phenol  problems  by 
soaking  nodal  segments  in  distilled  water  for  a few  hours 
before  rooting  them  directly.  Furze  and  Cresswell  (19BS) 

Franolet  and  Boulay  (1982)  with  some  success.  Rao  and 
Venkateswara  (1985)  achieved  shoot  multiplication  on  a 
medium  with  very  high  BAP  (over  20  mg/l)  and  NAA  (10  mg/1) 
concentration.  They  found  that  rooting  was  the  major 
problem.  Prom  these  studies  the  most  limiting  factors  for 
Eucalyptus  direct  micropropagation  are  production  of  a low 
number  of  shoots  at  the  multiplication  stage,  abnormal 


Oblectlves 

efficient  microprcpagation  clcning  techniques  for  three 

overccme  some  of  the  propagatlcn  problens  identified  in  the 
previous  reports.  At  age  3.7  years  these  hybrids  were 
reported  by  Kesklmen  et  al.  (19B7)  to  be  superior  in  growth 
characteristics  and  frost  resilience  tc  52  other  clones. 
These  55  clones  (52  * 3)  were  selected  as  phenotypically 


three  £.  grand is  hybrids: 

1]  Sprouts  serve  as 


better  explants  than  nature 


2)  A high  cytokinin  to  auxin  ratio  increases 
multiplication. 

3)  Clump  transfer  results  in  higher  rates  of 
multiplication. 

4)  Ratios  and  concentrations  of  auxins  and 


cytokinir 


Establish 


{Stage  II 


clones  of  three  top  L orandls  hybrids  identified  by 
Keskinen  et  al.  (1987)  were  used  as  source  aaterials.  Based 
on  morphological  criteria,  Keskinen  et  al.  (1987)  reported 
that  clones  1 (2817)  and  2 (2814)  are  hybrids  of  orandis 
X Ej.  eaaaldulensls  or  fit  tareticornls  and  clone  3 (2798)  is 
fit  qranflig  x fit  rebus ta  and  either  fi.  canaldulensis  or  £. 
tereticornts.  Sprouts  and  coppices  were  induced  by  girdling 


two-nonth-old  sprouts  were  used  as  explants.  Only  healthy 
looking  branches  were  selected.  These  were  cut  about  5 nun 


are  known  to  produce  phenolic  compounds  after  wounding  that 

and  Nitach,  1977).  After  five  days  the  uncontaoinated 
explants  were  transferred  to  initiation  nedium,  with  each 
explant  in  a separate  container.  The  initiation  medium 
consisted  of  oMS  supplemented  with  0.5  ng/1  of  benaylamino 
purine  (BAP)  and  O.OS  mg/1  of  naphathleneacetic  acid  (NAA) . 


Shoot  Multiplication  rstaoe  in 


strength  mHS  as  a basal  medium.  Combination  of  BAP/NAA  in 
mg/1  were  0/0,  0.6/0,  1.0/0,  0.5/0.05,  and  1. 0/0.1.  Fifteen 


shoot  clumps  per  clone  from  the  initiation  step  were 
assigned  randomly  to  each  treatment.  Each  individual  clump 


was  3x3  mm  with  4-6  shoots.  In  addition,  IS  single  shoots 
per  clone  were  cultured  in  0.6  mg/1  of  BAP.  Each  clump  or 
single  shoot  was  cultured  randomly  into  separate 
containers,  shoot  multiplication  was  assessed  after  three 
weeks  in  culture  by  counting  shoots  approximately  2 mm  or 


of  culture  BAP  at  0.6  mg/1  was  found  to  Induce 
significantly  higher  numbers  of  shoots  (Table  1)  and  was 
used  routinely  for  further  multiplication  subculture. 

subcultured  in  fresh  multiplication  media  every  three 


Jlture 


on  0.4  and  0.8  ng/1  of  BAP  was  compared  to  0.6  ng/1. 


and  gibberelllns  with 
d better  results  with 


combinations  of  high  auxin  and  cytoXlnin.  That  led  to 
testing  elongation  on  treatments  with  combinations  of  high 
auxin  (Indolebutyric  acid  (IBA))  and  cytoklnin  [Zeatin) 


the  multiplication  phase  were  then  assigned  randomly  to 
each  of  the  six  elongation  treatments.  Each  clump  was 


cultured  randomly  into  a separate  container.  The  cultures 
were  kept  under  dark  conditions  for  two  days  and  then 
transferred  to  12  hrs  of  light.  Elongation  quality  was 
assessed  by  counting  the  number  of  shoots  longer  Chan 
approximately  15  mm  after  four  weeks  in  culture,  callus  and 


3).  Sixty  to  65  single  elongated  shoots  iron  the  three 
clones  were  assigned  randomly  to  separate  culture  tubes  for 
each  treatment.  In  the  first  and  second  experiments, 
different  concentrations  of  Ms  (1/4,  1/2,  and  full 
s^f^ngth)  plus  hormonal  treatments  were  examined.  In  order 
to  further  detail  the  mineral  requirements,  a third 
experiment  was  conducted  using  a mg/1  of  IBA  with  boron, 
calcium,  and  boron  and  calcium.  Boron  and  calcium  were 
added  in  concentrations  similar  to  that  in  1/4  MS  as  1.6 
mg/1  of  boric  acid  (HjPOj)  and  no  mg/1  of  calcium  chloride 
(caclj).  A range  of  pH  (4.0,  4,5,  5.0,  and  6.0),  with  the 
best  hormonal  and  basal  nutrients  combinations  identified 
in  the  previous  experiments,  was  also  tested.  Variability 
between  the  three  clones  in  terms  of  their  rooting  response 
was  also  studied  by  observing  the  rooting  response  of  125 
to  143  elongated  single  shoots  per  clone  on  2 mg/1  of  IBA 
and  1/4  MS.  In  all  of  these  experiments  the  cultures  were 
kept  under  dark  conditions  for  the  first  five  days  (after 
Durnad-cresswell  et  al.  1982)  at  25-28°C,  and  then 
transferred  to  12  hr  of  day  and  night.  Rooting  was 
evaluated  after  17  days  in  culture,  soon  after  root  tips 
started  to  emerge.  Booting  responses  on  2 mg/1  of  IBA  and 
1/4  MS  from  the  serial  rooting  experiments  separated  by  1- 
2 subculture  on  the  multiplication  medium  were  compared 
(Table  2-5) . 


the  statistical  analysis  for  the  elongation  and 
multiplication  data  (Appendix  2).  Hormonal  treatments  and 


Results 

Establishment  of  Culture  fStaoe  II 

Similar  to  other  reports  for  field  grown  forest  trees, 
contamination  was  a major  problem  with  explants  from 
er  five  days  in  the  pre-initiation 


Att« 


treatments  in  the  first  experiment,  while  the  interactions 
between  the  multiplication  treatments  and  clones,  and  the 
main  effect  of  clones  were  not  significant  in  terms  of 
number  of  shoots  produced  at  the  multiplication  stage 
(Appendix  2) . All  the  hormonal  combinations  produced 


observed  with  0.6  mg/1  of  BAP  and  clump  transfer  producing 
139  shoots  2 mm  or  longer  per  original  clump  (Figure  2-1). 
Increasing  BAP  concentration  to  1.0  mg/1  reduced  the  number 
of  shoots  by  40t  compared  to  0.6  mg/1  of  BAP,  and  evidenced 


mg/1 


ilted 


>ignific 


nultipllcat^m  media*with''v. 


Plgur*  2-1.  Eucalvnatua  arandls  shoot  nultiplication  on 
0.6  BAP  ng/1  (left)  and  elongation  on  2.S  og/l  IBA  end  1 
eg/1  zeatin  (right) . 


1.6  mg/1  (Table  2-1)  . 


shoot  Dultlplication  rate  compared  to  0 
Transfer  of  small  shoot  clumps  vas  better  than  the  single 

Elongation,  similar  to  multiplication,  was  affected 
by  the  elongation  treatments,  with  highly  significant 
variation  between  them.  Interaction  between  clones  and  the 
treatments  or  the  main  effect  of  clones  was  not  significant 
(Appendix  2).  Elongation  of  shoots  was  best  on  2.5  mg/1  of 
IBA  and  1-1.5  mg/1  of  zeatin  (Table  2-2).  This  combination 
Increased  the  length  of  the  shoots  to  15-25  mm  in  4 weelcs 
and  expanded  the  leaves  similar  to  normal  seedlings  of 
eucalypts  (Figure  2-1).  Transfer  of  55  countable  shoots 
from  multiplication  media  resulted  in  27  elongated  shoots. 
The  auxin  and  cytokinin  balance  was  critical  in  triggering 
different  morphogenlc  responses  (Table  2-2).  Reduction  of 
zeatin  to  0.5  mg/1  produced  significantly  more  callus; 
however,  further  reduction  to  0.2  mg/1  initiated 
significantly  more  roots  in  addition  to  callus  formation. 

Booting  and  Hardening  (Stage  ITtBl 

Rooting  of  elongated  shoots  depended  on  the  basal 
media  and  the  kind  and  concentrations  of  the  hormones 
applied  (Table  2-3).  Reducing  Ms  concentration  to  1/4 
increased  rooting  quality  and  reduced  callus  production. 


Discussion 

Establlstmsnt  and  Multiplication 

main  objectives  of  nieropropagation  through  tissue  culture. 


1 (2617)  143  97.2  59. 0‘  136  90’ 

2 (2814)  125  98.4  84.4  112  67 

3 (2798)  138  97.8  46.7  128  87 

Average  97.8  62.8  82 


Table  2-5.  Mean  rooting  response  of  the  three  clones  on  2 
Bg/1  of  IBA  and  1/4  MS  after  serial  subculture  on 
Dultiplication  nediuin. 


showed  significant  variation  at  5 % 


It  is  especially  inportant  for  Eorest  tree  species  to 
increase  productivity  by  capturing  hybrid  vigor. 

The  najor  critical  factor  of  propagation  of 
genetically  ■’plus”  trees  is  the  difficulty  of  culturing 
mature  tissues  and  sterilizing  then  after  exposure  to  field 
conditions  for  long  periods.  However  the  genus  Eucal yptm; 
has  the  ability  to  coppice  and  sprout  {Hartney  1980) , thus 
producing  juvenile  material  less  exposed  to  nicroorganisns . 
In  this  study  contamination  of  sprout-explants  was  40t, 
while  those  from  mature  branches  were  loot  contaminated  and 
therefore  unusable.  More  stringent  sterilization  conditions 
resulted  in  browning  end  death  of  tissues,  as  was  reported 
by  Bennett  and  McConb  (1983).  This  may  indicate  the 
importance  of  stage  "0",  as  proposed  by  Oebergh  and  Haene 
(1981),  where  induction  of  new  sprouts  by  girdling  or 
felling  trees  will  provide  plant  material  less  exposed  to 
contaminants . 

The  hormone-free  pre-initiation  medium  was  found  to 
be  useful  in  reducing  phenolic  production  and  its 
detrimental  effects.  It  also  served  as  a suitable  medium 
to  screen  for  contamination.  The  shoot  initiation  media, 
similar  to  that  reported  by  Franclet  and  Boulay  (1982)  and 
used  by  Furze  and  Cresswell  (1985)  gave  satisfactory 
results,  however  it  too);  6-7  wee)cs  to  produce  10-12  shoots. 
Conceivably  the  use  of  multiplication  media  directly  will 
speed  the  propagation  process.  Unavailability  of  large 


different  coabinations  of  hormones  at  the  initiation  stage. 

As  was  hypothesized,  cytokinin  proved  to  be  the 
essential  grovrth  regulator  for  high  rate  of  shoot 
multiplication  along  with  clump  transfer.  Multiplication 
was  best  on  0.6  mg/1  of  BAP  and  mHS  with  the  three  clones, 

al. , 1988) . Onlike  other  reports  with  £.  grand is  (Cresswell 
and  Kitsch,  1978,  furze  and  cresswell,  1985,  Rao  and 


Shoot  Elongation 

The  elongation  medium  reported  in  this  study  could 
have  significant  practical  application  for  eucalypts 

my  knowledge  that  high  auxin  concentrations  were  used  for 


rooting 


further  survival.  Quolrln  et  al.  (1974) 


nultiplication  predisposes  rhe  shoots  to  root  in  response 
to  rooting  treatments,  use  of  gibberellins  was  tried  by 
Pranclet  and  Boulay  (1982)  with  E-  ounnil.  where  they 
suggest  the  use  of  0.1  mg/1  of  gibberellic  acid  with 
activated  charcoal.  Higher  concentrations  of  gibberellins 
tended  to  produce  abnormal  leaves  and  stems.  In  this  study, 
it  was  found,  similar  to  the  hypothesis,  that  the  ratio  and 
concentration  of  auxin  and  cytohinin  can  influence  rooting. 
IBA  and  zeatin  at  2.5  ng/1  and  1-1.5  mg/1,  respectively 
were  optimal  for  production  of  strong  elongated  shoots  in 
50%  of  the  countable  shoots  transferred  from  the 
multiplication  phase.  Auxins  were  suggested  to  act  directly 
in  the  induction  of  cytodifferentiation,  elongation  and 
cell  division  (Fuduka  and  Komamine,  1985).  Another  possible 
advantage  of  using  high  auxin  at  the  elongation  stage  is 
the  improvement  of  subsequent  rooting.  HcConb  and  Bennett 
(1968)  stressed  the  carry-over  effect  from  multiplication 
or  elongation  media  on  subsequent  rooting  ability.  They 
mentioned  that  use  of  gibberellins  for  elongation  seems  to 
greatly  reduce  rooting.  Also  omission  of  the  auxin  naa  from 
the  multiplication  media  reduced  subsequent  rooting  by  25%. 
This  may  explain  the  high  rooting  percentages  (up  to  96%) 
obtained  in  the  present  study. 


Raotlno  ana  Hardening 


subculture  in  the  multiplication  meOia.  Rooting  of  forest 


only  step  in  which  organogenesis  and  flg  novo  formation  of 


formation  generally  declines  with  increasing  age  of  the 
explant  (Gasper  and  Couraans,  1987).  Rooting  of  different 
euoalypts  was  identified  as  the  most  limiting  factor  by 
Gupta  (1981)  and  Rao  and  Venhateswara  (1985).  This  is  why 

in  order  to  define  the  hormonal,  nutrients,  and  pH 
requirement  of  rooting.  Hooting  was  best  in  a medium  with 
only  auxin  and  reduced  basal  nutrients  concentration.  The 
combination  of  2 mg/1  of  IBA  and  1/4  HS  with  a pH  in  the 
range  of  s-5.5  gave  the  best  results.  The  best 
concentration  of  IBA  was  double  that  previously  recommended 
for  eucalypts,  where  i ng/1  of  IBA  was  suggested  (Hartney, 
1980:  Franclet  and  Boulay,  1982:  and  MoComb  and  Bennett. 
1986) . Increasing  IBA  to  more  than  2 mg/1  tended  to  produce 
more  callus.  Addition  of  BAP  at  0.2  mg/1  inhibited  rooting 


Since  rooting  was  improved  with  the  reduction  of  MS 
to  1/4,  experiment  3 wae  conducted  to  test 


full 


calclun 


Bllasson's  (1978)  suggestion  that  only  boron  and 
are  the  necessary  ninerals  for  rooting  of  shoots  of  woody 
plants  ehoots.  Bliasson  (1976)  argued  that  applied 
nutrients  nay  not  be  needed  during  the  rooting  step  because 
nutrients  are  basipetally  transported  fron  the  shoots, 
except  calcium  and  boron  since  they  are  poorly  transported 
in  the  phloem.  However,  in  this  study  inclusion  of  only 
boron,  calcium,  and  the  combination  of  boron  and  calcium 
resulted  in  poor  rooting,  even  less  than  with  no  minerals. 
This  may  indicate  that  nutrient  stress  to  a certain  extent 
can  improve  rooting  and  additional  stress  reduces  it. 

Continual  subculturing  in  the  multiplication  media 
Improved  the  rooting  response  significantly  (Table  2-S). 
Similar  results  were  obtained  by  Cupta  et  al.  (1981) 
working  with  g.  cltrlodora.  Such  a phenomenon  was 
considered  to  be  a sign  of  rejuvenation  (Bonga,  1982). 

Transfer  of  propagules  was  achieved  with  high 
survival.  and  propagules  have  successfully  survived 
greenhouse  conditions.  Although  clone  2 had  significantly 
more  roots  per  shoots  at  transfer  time  (Table  2-4),  a 
significantly  lower  survival  percentage  at  the  mist- 
greenhouse  was  observed  (Table  2-4).  This  may  indicate, 
similar  to  the  recommendation  by  Purand-Cresswell  et  al. 
(1982),  that  transfer  from  rooting  media  should  be  done  as 
soon  as  a few  roots  are  produced.  In  this  regard  rooting 
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Direct  micropropagation  of  £.  CTrandia  hybrids  was 


other  eucalypts.  However,  ainee  many  chemical,  physical, 
and  physiological  factors  can  affect  each  stage  of  a 


developed  here  is  the  best.  More  research  and  investigation 
are  needed  especially  to  reduce  the  cost.  Direct  rooting 
under  aist  conditions  is  one  area  where  substantial 
reduction  could  be  obtained.  Another  area  of  interest  is 
the  role  of  hormones,  especially  auxin,  in  xylogenesis  and 
production  of  stronger  stems  at  the  elongation  step. 

Although  this  study  was  conducted  with  three  genetic 
lines  (hybrids),  no  significant  variation  between  them  was 
observed.  This  nay  suggest  that  the  system  developed  in 
this  study  can  be  used,  at  least  in  a broader  sense,  for  £• 
grandis  and  its  hybrids.  The  following  steps  for  plantlets 
productions  are  recomended : 

A)  Girdle  clonal  candidates  to  induce  sprouts  and 
coppice  at  the  right  tine  of  the  year,  which  is 
January  to  February  in  Florida. 

b)  Collect  nodal  segments  from  1-2  month-old- 
sprouts  . 

c)  Establish  culture  on  hormone-free  media  after 
sterilization  for  few  days  (3-7) . No  need  to  wash 
the  explants  thoroughly.  Leave  cultures  in  dark 
to  reduce  phenol  production. 

d)  Transfer  uncontaminated  segments  to  initiation 
medium  with  concentration  around  0.5  and  0.05 
mg/1  of  BAP  and  HAA,  respectively.  Cut  segments 
lower  end,  which  were  exposed  to  sterilisation 
agents,  and  check  regularly  for  contamination. 


E)  Transfer  shoots  produced  at  the  initiation  phase 
as  snail  clunps  (4-6  shoots  per  clunp)  to 

nultlpllcatlon  nediun.  Use  mHS  with  a range  of 
0.4-0. 8 mg/1  of  BAP  with  12  hr  photoperiod  at 
this  stage  and  temperature  of  2S“  C.  Subculture 
shoot  clumps  every  3-4  weeks. 

F)  Transfer  shoot  clumps  (40-60)  to  elongation 
medium,  with  2.5  and  1.0-l.S  mg/1  of  IBA  and 
seatin,  respectively. 

<3)  Excise  shoots  longer  than  15  nn  and  place 
then  vertically  into  rooting  medium,  with  IBA 
around  2 mg/1  of  IBA  and  1/4  MS.  Leave  culture 
in  dark  for  3-5  days  and  then  to  12  hr  of 
photoperiod. 

L)  Leave  shoots  in  the  rooting  media  until  a few 
root  tips  emerge,  usually  between  15-20  days. 

K)  Remove  plantlets  from  the  rooting  media  and  wash 
agar  from  the  roots  and  dip  them  briefly  in 
fungicide  solution  to  avoid  contamination. 

H)  Transfer  propagules  to  mist  conditions  for  3 
weeks  and  then  to  normal  greenhouse  with  frequent 
watering. 

These  recommendations  can  be  used  as  guidelines  for 
developing  systems  which  might  suit  different  conditions, 
or  as  a starting  point  for  new  research  leading  to  a more 
efficient  and  better  system. 


Further  research  Is  needed  mostly  to  reduce  the  cost. 
Developments  of  ways  and  means  to  automate  the  system  will 
cut  the  cost.  Direct  rooting  of  elongated  shoots  under  mist 
conditions  would  eliminate  the  ^ vitro  rooting  steps. 

Research  could  also  be  directed  to  understand  the 
hormonal  role  in  the  elongation  and  triggering  of  xylem 
elements.  The  rejuvenation  observed  with  continual 
subculturing  in  the  multiplication  step  also  deserves  more 
attention. 


EUCALYPTUS  GRAMDIS 
SEEDLINGS. 


CHAPTER  3 

COMPARATIVE  GHBEMHOUSE  STUDY  OF 
PLANTLETS  AND  HALF-SIB 


permanent  physiological  changes,  which,  in  turn,  can  change 
physiological  (epigenetic)  change  can  reduce  the  genetic 

operational  planting  of  vegetatively  propagated 
eucalypts  rooted  cuttings  has  been  very  successful 

for  plantlets,  because  of  the  above  mentioned  reasons,  a 
great  deal  of  information  about  their  performance  at  the 
nursery  (or  greenhouse)  and  the  field  is  needed.  Only  three 
studies  with  eucalypts  have  compared  height  and  stem  volume 
of  plantlets  and  seedlings.  Bennett  et  al.  (1986)  have 
reported  differences  between  Eucalyptus  marlnata  (Jarrah) 
seedling  and  plantlet  heights  over  two  years.  Also, 
Hascarenhas  et  al.  (1988)  and  Khuspe  et  al.  (1987)  compared 
stem  growth  of  £.  cltrlodora  and  £.  torelllana  plantlets 
with  seedlings  over  a period  of  34  months  and  reported 
significant  differences.  This  may  indicate  different  growth 
patterns  between  seedlings  and  plantlets. 

Vegetative  propagation  through  tissue  culture  is 

elite  trees  for  higher  productivity.  Thus  there  is  a need 
to  quantify  the  productivity  of  plantlets  in  terms  of  their 
survival,  net  photosynthetic  efficiency,  accumulation  of 


scunulatii: 


Net  Photosynthesis 

Photosyntheeis  in  green  plant  cells  is  one  of  the  nost 
inportant  physiological  processes  and  can  indicate  the 
effect  of  nlcropropagatlon  as  compared  with  plants  grown 
from  seeds.  It  is  a process  which  utilites  light  energy  to 
produce  carbohydrate  from  carbon  dioxide  (CMj)  and  water. 
Photosynthesis  or  carbon  fixation  can  be  viewed  as  a series 
of  diffusion  resistances  at  the  stomata  and  the  chloroplast 
level  (Ting.  1982),  and  tissue  culture  conditions  can 
affect  these  resistances.  Numerous  reports  have  shown  that 
plant  cells  under  tissue  culture  conditions  have  reduced 
amount  of  chlorophyll  and  photosynthesis.  These  effects 
have  been  attributed  to  the  special  growth  conditions  in 
vitro  such  as  sugar  addition  to  the  culture  media,  hormonal 

Exogenous  supply  of  sugar  (photoheterophic  or  semi- 
photoautotrophlc  nutrition  node)  was  observed  to  reduce 
chlorophyll  and  photosynthesis  on  plant  cell  culture  by 
Davey  et  al.  (1971)  and  others  ( Husemann  198S).  Reduction 
of  sugar  supplies  was  accompanied  by  increases  in 
chlorophyll  and  photosynthesis.  Exogenous  phytohormones, 
which  are  essential  for  growth  and  development,  also  have 
significant  effects  on  chlorophyll  development  and 
photosynthesis.  Auxins  tend  to  Inhibit  chlorophyll 
development  (Davey  et  al.  1971)  while  cyto)«lnin  was 
essential  for  chlorophyll  synthesis  in  tobacco  cell  culture 


et  al. 


chlorophyll  foraatit 


proportional  to  enhanced  growth, 

and  quantity  were  also  reported  t 
protein  synthesis  and  ribulose  ) 
oxygenase  (RUBISCO)  (Hundrleser 


Light  quality 


The  question  of  whether  these  changes  which  take  place 

to  normal  during  the  post-culture  phase  (under  complete 

limited  number  of  studies.  Grout  and  Aston  (1978)  related 

plantlets  to  their  insufficient  photosynthetic  capability 
and  Inability  to  regulate  transpiration.  Cultured  plantlets 
of  Brassica  oleraceae  had  lower  chlorophyll  levels  and  COj 
fixation  rates  than  non-cultured  plants  (Grout  and  Aston 
1978).  Carbon  dioxide  fixation  of  strawberry  leaves  was 
found  insufficient  to  sustain  autotrophic  growth;  however 
it  increased  significantly  in  the  newly  formed  leaves 
(Grout  and  Hillam,  198S).  Bed  raspberry  plantlets  exhibited 
significantly  lower  net  COj  uptake  rates  than  field  control 
plants  (Donnelly  and  Vidaver  1984).  chloroplast 
ultrastructural  differences  were  also  observed  between 
sweetguo  plantlets  and  seedlings  (Lee  at  al.  1985).  They 


plantlt 


by  the 


sddltic 


physlolc 


than  seedlings.  These,  in  turn,  can  cause  difference  in  the 

The  growth  pattern  of  loblolly  pine  plantlets  was 
reported  to  be  different  from  that  of  seedlings  under 
similar  conditions  (Leach  1979,  HcKeand  and  Hisniewshi 
1982).  Early  growth  of  plantlets  (the  first  1-6  weeks)  was 
very  alow  compared  to  seedlings  of  similar  age  (HcKeand  and 
Wisniewski,  1982).  They  also  found  that  only  after  6-8 
weeks  did  growth  of  plantlets  become  rapid,  but  still 


slower  than  seedlings.  HcKeand  and  Allan  (1984)  compared 
plantlets  of  loblolly  pine  to  seedlings  to  quantify  growth 


the  greenhouse,  seedlings  grew  to  a larger  size  than  the 
tissue  culture  plantlets.  However  the  relative  growth  rates 
were  approximately  equal.  Eucalyptus  marainata  plantlets 

greenhouse  and  were  taller  in  the  field  as  compared  to 
seedlings  (Bennett  et  al.  1986) . However  Mascarenhas  et  al. 
(1988)  reported  200*  more  above  ground  biomass  of  plantlets 
after  12  months  in  the  field  but  only  34*  after  34  months 


lered.  nitrogen  uptake  and 


Efficiency 


jgen  upte 


utilization  efficiency  in  bionass  production  requires  that 
processes  associated  with  absorption,  translocation,  and 
redistribution  of  nitrogen  operate  effectively  (Holl  et 
al.,  1982).  Tissue  culture  conditions  and  the  physiological 
age  difference  of  plantlets,  as  conpared  to  seedlings,  have 

the  major  difference  between  loblolly  pine  seedlings  and 
plantlets  was  their  nutrient  uptake,  as  seedlings  had 
significantly  higher  nitrogen  and  potassium  uptake.  However 
plantlets  were  more  efficient  in  nutrient  utilization. 

Obiectlves 

influence  fi.  qpandt.s  plantlet  productivity  during  and 
after  culture  phase.  The  goal  of  this  study  was  to  test  the 
hypothesis  that  plantlet  productivity  and  growth  pattern 
from  three  top  fi.  qrandis  clones  is  different  from  their 
seedling  half-sibs  under  greenhouse  conditions  similar  to 
those  used  to  raise  seedlings  for  commercial  planting. 

Specific  objectives  of  this  study  were  to  test  the 
following  hypotheses: 

1)  Net  photosynthesis,  chlorophyll  content  and 
foliar  nitrogen  content  of  plantlets  are 
different  from  their  respective  half-sib 


seedlings. 


3) 


Nitrogen  accumulation  in  leaf,  stem,  and  root  of 
plantlets  is  different  from  their  respective 


seedlinge. 


Materials  and  Methods 
propagation  and  Germination 

Plantlets  were  propagated  as  described  In  chapter  2 
from  clones  2817,  2814,  and  2798  in  Study  ornIj-37  at 
Palmdale,  Florida,  seeds  were  collected  in  March  87  from 
the  same  mother-trees  (ortets)  in  GORCH-77  (£.  grandis 

geminated  and  plantlets  were  hardened  under  mist 
conditions  concurrently  from  March  9 to  March  31,  1988.  The 
experiment  started  after  both  the  germinated  seedlings  and 
hardened  plantlets  were  transplantable  to  larger  size  pots 
and  could  withstand  greenhouse  conditions.  The  experiment 
started  on  April  1,  1988.  when  most  of  the  seedlings  had 
their  first  two  leaves  (after  the  cotyledonary  leaves)  and 
the  plantlets  had  6-8  leaves.  They  were  transplanted  to 


whic 


commercial  potting  mixture  consist  of  peat,  vermioulite, 
wetting  agent,  sand,  and  processed  bark.  Plantlets  and 
seedlings  were  fertilized  twice  a week  with  full  strength 
Hoagland  nutrient  solution  until  September  5,  1988. 


Baseline  data  collected  at  the  start  of  the  experiment 
on  April  1,  1988  (harvest  1),  involved  stem,  leaves,  shoot. 


root,  and  whole  plant  dry  weight,  and  foliar,  stem,  and 


plots  (Appendix  1-1).  Seedlings  (8-10  par  family)  and 
plantlets  (4-6  per  clone)  were  randomly  assigned  within 
each  plot.  Biomass,  photosynthesis,  chlorophyll  and 
nitrogen  measurements  were  collected  four  times  at  40  days 
interval  following  harvest  1:  harvest  2 (May  9,  1988), 
harvest  3 (June  18,  1988),  harvest  4 (July  28,  1988),  and 
harvest  5 (September  5,  1988). 

Bet  Photosynthesis 

A system  similar  to  Williams  and  Kemp  (1978)  was  used 
to  measure  net  photosynthesis.  A steady-state  gas  exchange 
conducted  with  a differential  infrared  gas  analyzer  (an 
Analytical  Development  Company  carbon  dioxide  analyzer  (225 
HK  3))  in  an  open  system.  A cuvette  ( 12’  high  and  4”  in 


5ter)  equipp« 


temperature,  air  circulation,  and  relative  humidity  was 
connected  to  the  infrared  gas  analyzer.  Temperature  inside 


Relative  himaidity  of  the  air  entering  the  cuvette  was 
adjusted  to  SOt.  A fan  was  housed  on  the  side  of  the 
cuvette  for  adequate  miming  of  air  inside  the  cuvette.  A 
high  intensity  sodium  vapor-pressure  lamp  was  installed 
over  the  cuvette  and  separated  from  the  cuvette  by  a heat 
absorbing  water  bath.  Average  photon  flux  density  of 

stabilized  after  10-20  minutes  after  enclosing  the  plant 


Ket  photosyr 


Net  Photosynthesi 
(mg  coj  g‘‘  hr‘) 

where 


iilliams  and  Kemp  (1976)  equations 

:OjXj  44.01  g COj/mole  273“K 
> g 22.414  liters  alr/oole  T 
min  1 liter  lO’  mg 


(ul/1)  going  through 


randonly  sale 


Chlorophyll  Analysis 

sampled  for  photosynthesis.  One-half  of  the  foliage  (along 

photosynthesis)  of  each  plant  for  Harvest  2,  3,  4,  and  S 

for  fresh  and  dry  weight  determination,  chlorophyll 
determination  was  based  on  that  of  Arnon  (1949)  on  the 
absorption  of  light  by  agueous  acetone  (SOt)  extracts  of 

0.10  -0.15  g were  added  to  five  ole  of  freshly  prepared  ao% 


6000  rpm  for  12  minutes.  One  ml  of  the  supernatant  was  then 

chlorophyll  A t B at  645  and  663  was  measured  by 
spectrophotometer.  GCA  (HoFherson  instrument  model  E u-700- 


Dry  Matter  Aceunulatlon 


One  plot  per  block  was  selected  randooly  (total  of 
four)  and  destructively  sanpled  for  blonass  parameters  on 
2 through  harvest  5.  Plants  were  washed  carefully 
and  separated  into  stem,  leaves,  and  roots  and  oven  dry 
weight  were  taken.  Ratios  of  oven  dry  weight  of  stemiroot, 
leaves:root,  and  shoot:root  were  then  calculated.  Net 
assimilation  was  (per  leaf  dry  weight)  approximated  after 
Venus  and  causton  (1979).  Relative  stem,  leaves,  shoot, 
root,  and  whole  plant  growth  rates  between  harvests  were 
also  calculated  after  Venus  and  Causton  (1979)  as  follows: 
H - (Average  log.  w,  - Average  log,  W,)  X l/(tj  - t,). 
Variance  - (o’  log,  Wj  - a‘  log,  W,)  X l/(tj  -t,)*' 

R = Relative  growth  rate  per  day. 

“ Wx  ■ Oven  dry  weight  between  each  two  harvests. 

- tl  = Number  of  days  between  each  two  harvests. 

Statistical  Analvala 

^e  statistical  system  SAS  (19B5)  was  used  for  all 
data  analyses  except  the  survival  data.  First  plantlets  and 
seedlings  were  analyzed  separately  at  each  harvest  using 
GIM  procedure  (1985)  for  the  analysis  of  variance  for  every 
variable  (V)  with  the  following  model: 

Y,j  - u + Parent,*  Block,*  (Parent  x Block),,  + Error. 


Parents  were  considered  fixed  and  Blocks  random.  Blocks 
and  Block  x Parent  interaction  were  found  not  significant 
for  all  the  variables  and  so  block  effect  was  excluded  from 
subsequent  analyses  and  will  not  be  discussed. 


and  seedlings  separately  with  SAS  (1985)  GUI  procedure  for 
every  variable  except  dry  weight  and  relative  growth  rate 


Survival 

Plar 


Results 


adlings  had  high  survival  and  did  not 


significantly. 


the  three 


parents,  and  increased  to  loot  for  the  other  harvests. 


Net  Photosynthesis 

Significant  variation  was  observed  between  harvests 

at  Harvest  3 and  then  increased  insignificantly  at  Harvest 
4 and  5 (Figure  3-1).  A similar  pattern  was  observed  with 
plantlets  but  the  increase  at  Harvest  4 was  significant. 

the  main  effect  of  parents  were  not  significant  for 
seedlings  or  plantlets  for  net  photosynthesis. 

Seedlings  had  significantly  higher  net  photosynthesis 
at  Harvest  2 than  plantlets  (Table  3-1).  However,  by 
Harvest  3 the  difference  diminished  and  plantlets  attained 

Chlorophyll  Content 

the  three  parents  and  harvests  and  the  parent  main  effect 
were  not  significant  among  plantlets  or  seedlings  for 
chlorophyll  a,  b,  total  chlorophyll  per  unit  leaf  fresh 


(Tabl< 


»ignifieant 


Table  3-1.  Plantlet  end  seedling  average  net  photosynthesis 
(mg  COj  g^  leaf  dry  weight  h'*)  at  Harvests  2,3.4,  and  5. 


plantlets  seedlings 


\ Means  with  the  same  letters  in  the  sane  column  are  not 
significantly  different  at  the  St  level  with  Duncan's  multiple 

/ Indicate  significant  difference  between  plantlets  and 
seedlings  at  Harvest  2. 


Harvests 

— Plantlet& 


Figure  3-1.  Plantlet  and  seedling  chlorophyll  a in  ug  g'‘ 
fresh  leaf  weight  (upper),  total  foliar  nitrogen  percent 
(Diddle)  and  net  ^otosynthesis  in  ng  COj  g''  h (lower) 
over  harvests. 

(Arrows  indicate  significant  difference  between  plantlets 
and  seedlings  and  seans  with  sane  letters  indicate  no 
significantly  different  at  St  level) 


»pped  sig 


Total  nitrogen  Percent  (tUl 


s or  plantlets  tor  leaf,  stem,  and  root  total 
Nt  changed  significantly  with  harvests  (Table 


idling: 


plantlets 


increased  significantly  by  Harvest  5 for 
seedlings.  Root  and  stem  N%  continued  to  drop  significantly 
with  time  for  both  seedlings  and  plantlets. 

Also  simiiar  to  net  photosynthesis  and  chlorophyll 
content,  seedlings  had  significantly  higher  tctal  H%  in 
their  leaves,  stem,  and  roots  at  early  harvests  than 
plantlets.  By  Harvest  3 plantlets  had  similar  leaf,  root, 
and  stem  total  nitrogen  percent  as  seedlings  (Table  3*3}. 

Wet  Photosynthesis.  Chlorophyll  and  Foliar  >U 

Net  photosynthesis,  chlorophyll,  and  foliar  total  N% 
dropped  sharply  at  Harvest  3 (Tables  3-1  to  3-3,  Figure  3- 
1) . That  was  preceeded  by  high  relative  growth  rate  between 
Harvest  1-2  and  2-3  (Table  3-12,  Figure  3-3).  Multiple  and 
individual  regression  analysis  showed  that  net 

photosynthesis  is  more  correlated  with  foliar  H%  and 

chlorophyll  a. 

Stepwise,  forward,  and  backward  regression  of  net 
photosynthesis  with  chlorophyll  a,  b and  a-t-b,  foliar 
nitrogen,  and  origin  (seedling  or  plantlet)  showed  only 
foliar  Nt  and  chlorophyll  a were  significant  in  the  model 
( at  .OS  level),  chlorophyll  b and  total  chlorophyll,  and 
origin  were  not  significant  even  at  the  the  0.1%  level, 
origin  (plantlet  or  seedling)  had  the  least  effect  in  the 
model.  H%  was  highly  correlated  with  net  photosynthesis  and 
was  entered  first  in  the  stepwise  regression  yielding  the 
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Harvests 


ntlet  and  saadling  net  assinilatlon  rate 
stive  grovth  ratee  per  day  of  coot,  shoot 

1 significant  difference  between  plantlets 
le  St  level) 


following  relationship: 

Net  photosynthesis  * 10.02  + 12.799  Nt  (R^  ■ 0.4761). 

Chlorophyll  a (Ch  a)  was  entered  second  in  the  model  with 
Net  photosynthesis  ■ 1.81  + 0.013  Chi  a + 10.83  N t 
(R*  • 0.517  and  partial  R*  of  0.04  for  chi  a), 
individual  regression  of  net  photosynthesis  on  total 
foliar  nitrogen  percent  (M),  chlorophyll  {chi)  a,  b,  and 
total  separately  yielded  significant  (at  0.05  level)  models 
(Table  3-4) . Total  foliar  nitrogen  showed  higher 
correlation  with  r’  ” 0.50,  while  chlorophyll  a,  b and  total 
had  R®  of  0.25,  0.0799,  and  0.199,  respectively. 

Regression  of  net  photosynthesis  on  log  chlorophyll 
a,  b,  and  total  did  not  Improve  R*'  however  excluding 
higher  net  photosynthesis  values  (more  than  50  mg  CO,  per 
g leaf  dry  weight  per  hour)  improved  B*  considerably  (Table 
3-4)  . 

Dry  Hatter  Aecumulation  and  Distribution 
Plantlets  versus  seedlings 

Plantlets  started  with  significantly  higher  stem, 
leaf,  shoot,  root,  and  total  plant  weights  compared  to 
seedlings  (Table  3-5) . These  differences  decreased  with 
harvest,  but  continued  to  be  significant  through  Harvest 
5,  except  for  stem  weight  which  was  not  significantly 
different  at  Harvest  4 and  5.  The  largest  initial 
difference  was  observed  with  root  weight.  Plantlets  seedling 


Table  3-4.  Individual  regression  nodels  tor  net 
photosynthesis  (ng  co^  g**  h'^}  with  foliar  Ht.  and 
chlorophll  (chi)  a.  b.  and  total. 


Dependent  Independent  b^  bj  ? 


\ Net  photo. 1 indicate  all  net  photosynthesis  values  were 
used  in  developing  the  regression  model  while  net  photo. 2 
indicate  that  values  higher  than  So  ng  cOj  g*'  b*‘  were 
excluded. 


root  weight  ratio  at  Harvest  1 was  higher  than  that  of 
stem,  leaves,  shoot,  and  total,  but  it  dropped  sharply  from 
130  at  Harvest  1 to  12. S8  by  Harvest  2 and  continued 
dropping  to  1.6  at  Harvest  5 (Table  3-5).  Plantlet: seedling 
stem  weight  ratio,  on  the  other  hand,  dropped  from  40  at 
Harvest  1 to  1.11  at  Harvest  S.  A similar  pattern  was  also 
observed  with  leaf  weight  where  plantlet; seedling  ratio  was 
74  at  Harvest  1 and  1.46  at  Harvest  5. 

Ratio  of  plantlet  above  ground  to  below  ground 
components  showed  more  accumulation  in  the  below  ground  as 
compared  to  seedlings.  Plantlets  had  significantly  lower 
etem:root,  shoot:root,  and  leaves:root  ratios  than 
seedlings  (Table  3-6,  Figure  3-4),  with  the  largest 
difference  at  Harvest  1. 

Average  relative  growth  rates  (Table  3-12,  Figure  3- 
3)  showed  that  plantlets  had  lower  rates  than  seedlings. 
Relative  growth  rate  for  stem,  leaves,  shoots,  and  whole 
plant  decreased  with  time  for  both  plantlets  and  seedlings, 
with  a higher  drop  in  seedlings, 

Net  assimilation  rates  per  leaf  dry  weight  (Figure  3- 
3)  showed  similar  response  as  the  relative  growth  rates. 
Seedlings  had  significantly  higher  rates  than  plantlets 
through  the  five  harvests  and  the  differences  decreased 
slightly  with  time. 


Parent  effect  analyzed  separately  for  plantlets  and 
seedlings  at  each  harvest  showed  significant  differences 
in  most  cases  among  seedlings  and  plantlets  (Table  3-7  to 
3-11). 

At  Harvest  1,  no  significant  differences  in  total 
biomass  were  detected  among  the  seedlings.  However 
considerable  differences  were  observed  in  the  pattern  of 
growth  (Table  3-7).  Parent  2817  seedlings  had  significant- 
ly higher  stem  biomass,  while  parent  2798  seedlings  had 
significantly  higher  root  biomass.  This  also  resulted  in 
significantly  higher  stemsroot  and  shoot:root  ratios  for 
parent  2817.  Plantlets,  on  the  other  hand,  showed  no 
significant  variation  was  observed  between  plantlets  after 
the  hardening  process,  neither  in  the  amount  nor  in  the 
pattern  of  biomass  accumulation  between  the  three  parents. 

Unlike  Harvest  1,  Harvest  2 showed  significant 
variation  between  plantlets  for  the  three  parents  while  no 
differences  were  observed  for  the  seedlings  in  the  pattern 
of  biomass  accumulation  (Table  3-a).  similar  to  Harvest  1, 
no  significant  variation  was  observed  for  total  biomass 
between  plantlets;  however,  allocation  of  dry  matter  was 
different.  Plantlets  showed  similar  allocation  pattern  as 
seen  with  seedlings  in  Harvest  1 as  parent  2817  had 
significantly  higher  stem  biomass  and  parent  2798  had 
higher  root  biomass.  Athough  no  significant  variation  was 


Horvests 


seedlings 

Plonllets 


Figure  3-4.  Plantlet  and  seedling  leafiroot  (upper), 
Btem:rocit  (alddle)  and  shoottroot  (lower)  ratios  over 
harvests. 

(Arrows  indicate  significant  difference  between  plantlets 
and  seedlings  at  the  S%  level) 


5.313* 


Table  3-11.  PlanClet  and  seedling  mean  dry  weights  and  ratios 


\ Means  with  the  same  letter  for  the  same  row  and  type 
(Plantlets  or  seedlings)  are  not  significantly  different  at 
level  with  Duncan's  multiple  range  test. 


observed  beCveen  seedlings,  parents  showed  the  sane  pattern 
displayed  in  Harvest  1.  Plantlets  were  signiCicatly 
different  for  their  sten,  root  weight,  and  stein:root  ratio, 
parent  2BL7  had  significantly  higher  sten  weight  and 
sten:root  ratio,  while  parent  2796  had  higher  root  weight 
and  lower  steniroot  ratio.  These  patterns  are  sinilar 
pattern  to  seedlings  within  Harvest  1. 

By  Harvest  3,  seedlings  showed  significant 
differences  in  their  pattern  of  biomass  distribution  to 
shoot  and  roots  (Table  3-9).  while  no  significant 
differences  were  seen  between  total  biomass  of  the  three 
parents,  parent  2617  showed  higher  above  ground  biomass 
while  parent  2796  showed  higher  under  ground  biomass.  Stem: 
root  ratio  was  significantly  higher  for  parent  2617. 
Plantlets,  on  the  other  hand,  showed  significant  variation 
for  stem,  root,  and  total  weight,  and  stemiroot,  and 
shoot:root  ratios.  Parent  2817  had  higher  above  ground 
biomass  compared  to  parents  2814  and  2798. 

Similar  results  were  observed  with  Harvests  4 and  S 
(Table  3-10,  3-11) , with  pronounced  differences  between 
plantlets  of  the  three  parents,  parent  2817  had  higher  stem 
biomass,  and  consequently  higher  sten:root  biomass  followed 
by  parent  2814  and  then  parent  2798.  Total  root  biomass  was 
not  significantly  different.  Although  no  significant 
differences  were  observed  for  seedlings,  parent  2617  showed 
higher  above  ground  biomass  and  higher  stem:root  ratios. 


In  suini&ary  the  biomass  data  shoved  similar  patterns 
between  plantlets  and  seedlings  of  the  same  parent.  Parent 
2817  had  high  above  ground:belou  ground  ratio,  whereas 
parent  279S  exhibited  a low  ratio  and  parent  2814  had  an 
intermediate  value. 


Discussion 

One  of  the  main  problems  of  comparing  plantlets  with 
seedlings  is  differences  in  physiological  and 
developmental  age.  This  study  used  a functional  approach 
similar  to  that  of  HcKeand  and  Allen  (1984)  where  plantlets 
and  seedlings  were  compared  from  the  time  they  came  out  of 
mist-greenhouse  and  they  were  ready  for  normal  greenhouse 
conditions.  Results  of  this  study  about  survival,  dry 
matter  accumulation,  allocation  to  roots,  shoots,  leaves, 
photosynthetic  rates  and  total  nitrogen  percent  support 
some  hypotheses. 

Survival 

Unlike  the  hypothesis,  survival  of  plantlets  was  not 
significantly  different  from  that  of  seedlings,  where  98% 
and  95%  survival  was  observed  for  plantlets  and  seedlings 
respectively,  through  Harvest  5 across  the  three  parents. 
The  high  plantlet  survival  rate  may  indicate  that  the 
previous  steps  in  culture,  especially  the  elongation  step 
discussed  in  the  previous  chapter,  produced  more  adapted 


withstand  normal  greenhouse 


plantlets  better  able  to 
condition.  Survival  of  plantlets  under  nomal  conditions 
is  one  of  the  most  limiting  factors  for  any  tissue  culture 
based  operation.  Thus,  the  high  survival  displayed  by 
plantlets  here  nay  point  to  their  possible  use  for 
operational  planting.  High  nortality  of  38%  was  observed 
with  loblolly  pine  plantlets  (Leach,  1979}.  however, 
loblolly  pine  plantlets  were  reported  to  have  significantly 
less  biomass  and  root:shoot  ratio  as  compared  to  seedlings 
(Leach  1979,  HcKeand  and  Allen,  1984).  The  opposite  was 
observed  in  this  study  with  g.  orandis  plantlets  and 
seedlings.  These  two  factors,  especially  root:shoot  ratio, 
nay  have  contributed  to  the  high  survival  of  g.  orandia 
plantlets  as  compared  to  those  of  loblolly  pine.  Another 
factor  is  the  high  net  photosynthesis  observed  with 
plantlets,  even  at  early  stages  of  development  (Harvest  2) 
(Table  3-1). 

Net  Photosynthesis.  Chlorophyll  and  Total  H% 

In  agreenent  with  the  hypotheses,  plantlet  net 
photosynthesis,  chlorophyll  content  and  total  nitrogen 
percent  were  significantly  different  fron  seedlings  at 
early  harvests.  By  Harvest  4 no  significant  differences 
were  observed  between  them  (Tables  3-1  to  3-3) . The  results 
also  showed  that  seedling  age  and  foliar  nitrogen  content 
were  very  important  factors  in  determining  net 


addition, 


photosynthesis  efficiency  per  dry  leaf  weight.  In 
seedlings  and  plantlets  showed  the  similar  trend  over 
harvests,  with  net  photosynthesis  values  close  to  those 
reported  for  other  young  tucal vptus  seedlings. 

One  of  the  maior  concerns  about  tissue-culture-derived 
plantlets  is  their  photosynthetic  capabilities.  It  was 
reported  that  culture  oondition  reduce  autotrophic 
metabolism  in  vitro  isolated  cell  culture  (Husenann,  198S) 
and  plantlets  under  culture  conditions  (Donnelly  and 
Vidaver  1984)  or  post  culture  (Grout  and  Aston,  1978r 
Donnelly  and  Vidaver,  1984).  Seedlings  had  significantly 
higher  not  photosynthesis  than  plantlets  only  at  Harvest 
2.  The  difference  at  Harvest  2 seems  to  be  related  to 
seedling  age  rather  than  effect  of  the  culture  condition 
on  plantlets. 

Considering  only  plantlets,  if  there  is  any  carry  over 
effect  from  culture  environment,  it  should  show  more  at 
early  harvests.  However,  net  photosynthesis  at  Harvest  2 
was  either  higher  or  equal  to  that  of  other  harvests  (Table 
3-1,  Figure  3-1).  That  would  indicate  that  either  culture 
condition  had  no  carry-over  effect  on  post  culture  net 
photosynthesis  or  it  lasted  only  a short  tine  and  that  was 
missed,  because  plantlets  were  sampled  40  days  after  the 
hardening  step.  Grout  and  Hillam  (1985)  reported  increased 
net  photosynthesis  for  strawberry  plantlets  14  days  after 
transplanting,  due  to  the  formation  of  new  leaves,  not 


atfacted  by  culture  conditions,  and  loss  of  leaves  produced 
under  ia  vitro  conditions.  That  may  be  true  in  this  study, 
although,  no  apparent  Ices  of  leaves  was  observed  in  the 
first  40  days,  a considerable  number  of  new  leaves  were 
produced  within  those  40  days.  In  any  case,  the  practical 
significance  of  the  high  photosynthetic  rate,  even  at  early 
stages  (Harvest  2),  may  have  contributed  to  the  high 
survival  rate  observed  with  plantlets.  Net  photosynthesis 
values  observed  with  plantlets  at  any  harvest  in  this  study 
were  higher  or  equal  to  that  reported  by  Mooney  et 
al-ClS^S)  for  seven  Eucalyptus  species  seedlings. 

On  the  other  hand,  exceptionally  high  net 
photosynthesis  for  seedlings  at  Harvest  2 can  be  traced  to 
plant  age.  Larson  and  Gordon  (1969)  reported  higher 
photosynthesis  efficiency  for  cotyledonary  and  first  leaves 
of  young  seedlings.  Similarly  Mooney  et  al.(  197B)  observed 
that  younger  Eucalyptus  seedlings  had  photosynthesis  rates 
that  were  generally  at  least  twice  that  of  older  nursery 
seedlings.  Likewise,  in  this  study  6‘week-old  seedlings 
(Harvest  2)  had  2.6  times  more  net  photosynthesis  per  unit 
dry  weight  than  12-week-old  seedlings  (Harvest  3)  and 
almost  twice  that  for  17-and  23-week-old  seedlings 
(Harvests  4 and  5) . 

Another  important  result  is  the  that  plantlets  were 
parallel  to  seedlings  in  net  photosynthesis,  chlorophyll 
and  total  foliar  nitrogen  over  time  (Figure  3-1} . This  may 


reflect  that  there  was  no  change  in  the  plantlet  basic 
physiological  response,  in  tena  of  these  variables,  to 
changing  conditions  around  plantlete  and  seedlings. 

Net  photosynthesis  was  affected  mainly  by  foliar 
nitrogen  and  chlorophyll  a.  Origin  (seedling  or  plantlet) 
was  highly  insignificant  in  the  multiple  regression  model. 
Net  photosynthesis  was  highly  correlated  (r  ■ 0.7)  with 
foliar  nitrogen  percent  of  both  plantlets  and  seedlings, 
similar  to  other  species  lilce  Pisum  satvlum  (Dejong  and 
Philip,  1981),  Eucalyptus  (Mooney  et  al.,  1978),  and  peach 
(Dejong,  1982) . The  higher  correlation  with  nitrogen  rather 
than  chlorophyll,  which  is  necessary  for  capturing  radiant 
energy  in  photosynthesis,  is  because  nitrogen  is  included 
in  rlbulose  bisphosphate  carboxylase  oxygenase,  which  majces 
up  a substantial  fraction  of  the  total  leaf  protein  (Mooney 
and  Culman,  1979) . Also  nitrogen  can  be  viewed  as  an 
expensive  limiting  element,  so  it  is  logical  that  it  has  a 
positive  high  correlation  with  net  photosynthesis.  The  high 
seedling  foliar  nitrogen  percent  of  Harvest  2 as  compared 
to  Harvest  3,4,  and  5 (Table  3-2)  may  explain  the  high 
seedling  net  photosynthesis  at  Harvest  2. 

Chlorophyll  content,  on  the  other  hand,  was  not  as 
highly  correlated  with  net  photosynthesis,  except  when 
higher  values  of  net  photosynthesis  were  excluded  (Table 
3-4).  Similar  results  were  mentioned  by  Linder  and  Roo)c 
(1984)  with  other  species.  They  explained  that  since 


chlorophyll  is  usually  considered  to  be  a non-lialting 
factor  unless  plants  are  under  nutrient  stress,  which  may 
result  in  low  photosynthetic  rate.  This  may  explain  the 
higher  correlation  obtained  when  higher  net  photosynthetic 
values  were  excluded  from  the  regression  analysis. 

Dry  Matter  Aceuaulation  and  Helative  Distribution 
Plantlets  versus  seedlings 

Stem,  leaf,  shoot  (stem  plus  leaves),  root  and  whole 
plant  dry  weight  differed  significantly  between  plantlets 
and  seedlings,  as  hypothesized.  Plantlets  maintained 
significantly  higher  weight  through  Harvest  5 (Table  3-5). 
However,  those  differences  dropped  sharply  with  subsequent 
harvests  (Table  3-5).  The  main  reason  is  the  higher 
relative  growth  rate  observed  with  seedlings  (Table  3-12). 
The  largest  difference,  root  dry  weight  at  Harvest  1 where 
plantlets  weighed  130  times  more  than  seedlings,  may 
indicate  that  at  the  hardening  step  plantlets  accumulated 
more  dry  matter  in  their  root  system  as  a stress  response 
(Levitt,  1980).  These  results  were  in  contrast  to  loblolly 
pine  plantlets  (Leach,  1979;  HcKeand  and  Allen,  1984). 

The  difference  could  be  due  to  species  differences 
(gymnosperm  versus  angiosperm) , methods  of  propagation  or 
ontogenic  age  differences,  since  loblolly  pine  plantlets 
were  produced  from  cotyledonary  explants  while  in  this 
study  they  were  produced  from  coppice  materials  of  5-year- 


old  trees.  They  were  also  different  than  those  reported 
with  Eucalyptus  aarolnata  (Jarrah)  (Bennett  et  al. , 1986) . 
They  conpared  shoot  growth  of  plantlets  and  seedlings  on 
two  different  soil  types.  Seedlings  accumulated  more  dry 
weight  from  8 weeks  through  the  4 months  in  the  greenhouse 
on  lateritic  soil,  and  no  differences  were  observed  on  peat 
and  sand  soil.  Here  again,  the  differences  may  be  due  the 
propagation  methods  where  they  did  not  have  elongation 
step.  This  nay  point  to  the  possibility  of  carry-over 
effect  from  culture  environment,  or  different  species  or 
soil  potting  mixture. 

The  relative  distribution  of  dry  matter  between  above- 
and  below  ground  reflect  genetic  and  environmental  factors. 
A functional  relationships  was  proposed  to  exist  between 
root  and  shoots,  where  a balance  was  reached  between  roots 
and  shoots  (Boote,  1977) . Cannell  (1985)  discussed  that 
shootiroot  ratio  equilibrium  tends  to  be  adaptive. 
Assimilates  are  used  by  shoots  if  photosynthesis  is 
limiting  and  by  roots  if  nutrients  and  water  supply  are 
limiting.  Linder  and  Rook  (1984)  also  mentioned  that 
availability  of  nutrients  and  moisture  will  result  in 
higher  shoot:root  ratio.  In  this  study  seedlings  had  higher 

(Table  3-6).  Shootiroot  ratio  remained  constants  for  the 
seedlings  with  values  similar  to  that  reported  with  five 
Eucalyptus  species  by  Mooney  et  al.  (1978),  while  plantlet 


shoot:rooC  ratio  increased  significantly  at  Harvest  3 and 
reaained  constant  aftervards.  However,  when  ehoote  were 
partitioned  into  stem  and  leaf,  steniroot  ratio  increased 
with  harvest  and  leaf:root  ratio  decreased  with  harvests 
for  plantlets  and  seedlings  (Table  3-6). 

Levitt  (1980)  indicated  that  developnental  patterns 
which  includes  relatively  greater  allocation  to  roots 
during  early  growth  stages  would  presumably  indicate  an 
adaptive  advantage  and  tend  to  increase  survival.  The  low 
above:below  ground  dry  matter  associated  with  plantlets  may 
then  be  an  adaptive  mechanism  to  their  new  environment, 
since  plantlets  were  transferred  from  their  culture 
environment  to  a harsher  new  environment  of  the  greenhouse. 
Another  possible  explanation  is  a carry-over  effect  from 
the  I6A  treatments  at  the  rooting  step.  Regardless  of  the 
cause,  the  emphasis  on  the  adventitious  roots,  especially 
at  earlier  stages,  may  be  the  reason  behind  the  high 
survival  percentage  obtained  in  this  study. 

Seedlings  showed  higher  net  assimilation  and  relative 
growth  rates  at  the  early  harvests  which  was  associated 
with  higher  net  photosynthesis,  Nt,  and  chlorophyll 
content.  This  nay  reflect  adaptive  mechanism  for  seedlings. 
However,  that  decreased  with  harvest  and  the  difference 
between  seedling  and  plantlet  relative  growth  rates 
decreased  considerably  by  Harvest  5 (Table  3-12) . 


Dry  natter  accumulation  among  plantlets  showed  no 
signicioant  differences  among  parents  coming  out  of  the 
mist-greenhouse  (Table  3-7] , Differences  became  significant 
after  Harvest  2 through  5 (Table  3-8  to  3-11).  Plantlets 
from  2817  had  more  stem  biomass  and  higher  aboveibelow 
ground  ratios  than  plantlets  from  2798.  Similar  results 
were  observed  with  seedlings  at  Harvest  1,  3,  and  S.  At 
Harvest  3 and  4 although  not  significant,  seedlings  from 
2817  had  higher  means  while  2798  had  lower  means.  This  may 
point  to  genetic  differences  between  these  genetic  lines 
and  that  genetic  difference  was  expressed  similarly  by 
plantlets  and  seedlings.  Genetic  difference  in  dry  matter 
allocation  have  been  reported  with  crop  plants  (Evans, 
1975),  slash  and  loblolly  pine  (Buijtenen,  1979).  Zimmer 
and  Grose  (1958)  correlated  differences  between  eucalypts 
species  to  habitat  where  seedlings  from  wet  areas  species 
showed  higher  shootiroot  ratios.  In  this  study,  seedlings 
showed  large  variability  among  the  three  parents  at  the 
germinating  stage  (Table  3-7).  Seedlings  from  2817  had  two 
times  more  stem  and  two  times  less  root  dry  weights  than 
2798,  indicating  early  expression  of  genetic  differences. 

general  Discussion 

Plantlets  have  adventitious  origin  and  were  exposed 
to  exogenous  factors  during  the  propagation  process.  These 


exogenous  controls  of  developnent  factors  oay  lead  to 
temporal  or  pemanent  physiological  changes  as  compared  to 
seedlings.  In  this  study  post-culture  plantlet  productivity 
was  compared  to  their  related  half-sib  seedlings  at  five 
harvests  under  normal  greenhouse  conditions.  The  data 
showed  that  plantlets  differed  from  seedlings  at  early 
harvests  (1  and  2}  and  the  differences  decreased  or 
diminished  with  tine.  Ratios  of  plantlets  to  seedlings  for 
all  the  parameters  studied  approached  unity  with  time 
(Figure  3-5) . Seedlings  showed  higher  net  photosynthetic 
rates,  chlorophyll  accumulation  and  nitrogen  content  and 
relative  growth  rate  at  Harvest  1 and  2.  This  may  reflect 
the  precise  developmental  control  passed  on  to  seedlings 
from  the  zygotic  embryos.  Plantlets,  on  the  other  hand, 
originated  from  adventitious  organs  may  have  had  different 
physiological  and  genetical  expression.  However,  the 
decrease  in  those  differences  indicate  that  plantlets 
adapted  to  their  new  environment  similar  to  seedlings  in  a 
short  time.  By  Harvest  3,  plantlets  were  not  significantly 
different  from  seedlings  in  most  of  the  studied  parameters. 
Plantlet  above-ground  to  below-ground  relative  dry  matter 
ratios  continued  to  be  significantly  higher  than  seedlings. 
This  could  lead  to  higher  survival  and  adaptability  to 
field  environment. 

Differences  among  parents  were  only  significant  with 
dry  matter  accumulation  in  roots,  shoots,  and  their  ratios 
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Figure  3*5.  Plantletsaeedling  ratios  for  stem,  leaf,  shoot, 
root,  and  total  dry  weight  (upper)  and  net  photosynthesis, 
total  chlorophyll  and  foliar  nitrogen  percent  (H%),  whole 
plant  relative  growth  rate  per  day,  and  shoot:root  ratio 
(lower)  over  harvests. 

(Met  photosynthesis  and  total  chlorophyll  content  at 
Harvest  1 were  predicted  iron  regression  nodels  with  foliar 


among  plantlets  and  seedlings.  Parents  showed  similar 
pattern  for  plantlets  and  seedlings  with  those  parameters . 
That  may  indicate  that  tissue  culture  condition  did  not 
alter  the  genetic  expression  of  plantlets. 

These  results  could  have  significant  practical 
application  for  the  potential  use  of  tissue  culture  for 
£.  grandis  in  breeding  programs  and  operational  planting. 
It  indicates  that  although  differences  occur,  they  last  for 
only  a short  tine,  40-80  days  in  the  greenhouse.  All  that 
would  mean  is  plantlets  produced  by  the  methods  described 
in  Chapter  1 could  show  their  genetic  potential  which  was 
meant  to  be  captured  by  direct  micropropagation. 


conclusions 

The  main  conclusion  from  this  study  is  that  plantlets 
differed  from  seedlings  in  the  early  stages  of  development, 
and  that  the  differences  decrease  with  tine.  Also  plantlets 
shoved  similar  trends  to  their  related  seedlings. 

Ket  photosynthesis  was  found  to  be  different  only  at 
Harvest  2,  after  40  days  in  the  greenhouse,  and  that  was 
associated  with  high  chlorophyll  and  foliar  nitrogen 
content.  Chlorophyll  and  nitrogen  content  per  unit  weight 
were  also  different  at  early  harvests,  and  no  difference 

Dry  matter  accumulation,  relative  distribution,  and 
relative  growth  rates  at  the 


early  stages 


development 


in  the  greenhouse  were  also  different  and  these  differences 
decreased  with  tine.  A sinilar  trend  was  observed  for  the 
three  genetic  lines.  Plantlets  and  seedlings  of  2S17  showed 
more  above  ground  to  below  ground  dry  natter  ratios  while 
2798  showed  the  opposite.  This  nay  point  to  the  use  of  E. 
grand is  plantlets  for  physiological  and  silvicultural 

This  study  was  conducted  to  see  whether  plantlets  are 
different  from  seedlings  under  normal  greenhouse  practices. 
Further  research  could  screen  for  the  causes  of  the 
differences  observed  in  this  study.  It  would  useful  and 
interesting  to  study  nitrogen  fertilization  effect  on 
plantlets  especially  during  the  hardening  step,  and 
determine  if  it  could  result  in  higher  nitrogen 
concentration  and  increased  net  photosynthesis  rates 
immediately  after  the  mist  step.  That  nay  screen  for 
nitrogen  effect  or  simply  age  effect.  Also  monitoring  of 
net  photosynthesis  just  before  and  during  the  hardening 
stage  will  also  shed  some  light  to  culture  effect. 
Additionally,  comparing  plantlets  from  seedlings  explants 
and  from  sprouts  to  their  related  seedling  will  also  give 
information  about  age  effect. 


CHAPTER  4 

INDIRECT  HICBOPRPAGATION  OP  £•  GRANDIS  HYBRIDS 
THROUGH  SOMATIC  BHBRYOGENESIS 


Somatic  EabrvogeneBiB 

Somatic  embryos,  roots,  and  shoots  dS  novo  formation 
from  plant  tissue  cultured  vitro  is  usually  preceded  by 
callus  stage.  Regeneration  of  plantlets  from  callus, 
usually  referred  to  as  indirect  micropropagation,  could  be 
either  through  somatic  embryogenesls  or  organogenesis. 
Somatic  embryogenesls  could  have  tremendous  significance 


induced  to  form  callus  and  then  plantlets  through  sonatic 
embryogenesis  to  enter  the  breeding  program. 

The  discovery  of  somatic  embryogenesis  is  tied  to  the 
demonstration  of  totipotency  of  plant  cells.  It  was  first 
observed  by  Steward  et  al.  (1958)  in  carrot.  Since  then 
carrot  has  become  a model  system  and  the  source  of  much  of 
the  limited  understanding  of  somatic  embryogenesis. 

Somatic  (asexual)  embryogenesis  is  the  process  of 
embryo  initiation  and  development  from  cells  that  are  not 
products  of  gametic  fusion  (Tisserat  et  al.,  1979).  An 
embryo,  a plant  in  the  initial  stage  of  development,  is 
defined  as  a bipolar  structure  with  root  and  shoot  on 
opposite  ends  (Halperin  and  Hetheral,  1984) . The  morphology 
and  developmental  patterns  of  asexual  and  zygotic  embryos 
are  vary  similar.  They  go  through  globular,  heart  and 
torpedo  stages.  Sharp  et  al.  (1980)  suggested  two  routes  of 
somatic  embryogenesis:  1)  direct  embryogenesis  from 
tissues  in  the  absence  of  callus  proliferation,  which  occur 
through  "pre-embryogenic  determined  cells,"  where  the  cells 
are  already  committed  to  embryonic  development  and  need 
only  to  be  freed,  and  (2)  Indirect  embryogenesis  where 
callus  proliferation  is  required.  This  occurs  in 
differentiated,  non-embryonic  cells  or  "induced  embryogenic 
determined  cells."  The  nature  of  the  Induction  of 
embryogenic  cells  or  non  embryogenic  cells  is  completely 
un)tnown.  Also  the  factors  involved  in  maturation  of 


Booatic  embryos,  once  the  cells  are  fostered  towards 
maturation,  are  poorly  understood  (Ammirato,  1983}. 

In  spite  of  the  fact  that  the  understanding  of  factors 
and  stimuli  leading  to  somatic  embryogenesis  is 
fragmentary,  it  has  been  extensively  observed  in  many  plant 
species  and  families.  This  demonstrates  it  is  a common 
phenomenon  and  the  possibility  exists  that  cells  from  any 
plant  given  the  appropriate  stimuli  and  conditions  could  be 
induced  to  form  somatic  embryos.  It  was  observed  with  most 
systems  that  1)  the  presence  of  an  auxin  or  auxin-like 
substance,  especially  2,4-D  was  critical  for  embryo 
initiation  from  single  cells,  and  the  lowering  or  complete 
removal  of  the  auxin  fosters  maturation  (Steward  et  al., 
1967),  and  2)  reduced  nitrogen  was  important  for  both 
initiation  and  maturation  (Ammirato  and  steward,  1971}.  The 
key  variables  in  the  embryogenic  pathway  include  selection 
of  the  right  explant,  identification  of  embryogenic  callus, 
and  formulation  of  a defined  media. 


The  EXDlant 

Embryonic,  meristematic  and  reproductive  tissues 
appear  to  have  more  potential  for  embryogenic  growth.  The 
most  commonly  used  explants  are  from  immature  embryos, 
mature  embryos,  young  inflorescences,  young  leaves, 
ovaries,  shoot  apices,  and  hypocotyls.  For  Pacus  carota, 
the  most  cultured  plant,  any  part  of  the  plant  taken  at  any 


Horphologlcal  characters  include  color,  degree  of 
conpactness,  and  texture.  Vasil  and  Vasil  (1981,  1984) 
described  the  embryogenic  callus  in  granineae  as  white  to 
pale  yellow  callus,  often  organized  with  a nodular  and 
convoluted  surface.  Liu  and  Cantliffe  (1984)  found 
embryogenic  callus  of  sweet  potato  to  be  pale  to  bright- 
yellow,  compact  and  organized  callus.  However,  friable 
callus  from  maize  was  recently  reported  to  be  embryogenic. 
Quyang  et  al.  (1981)  described  what  they  identify  as 
embryogenic  callus  of  Eucalyptus  "leichow"  as  deep  red, 
compact  and  superficially  granulated. 

The  cytological  features  of  the  somatic  embryo 
initials  are:  1)  rich  in  starch  granules  (Halperin  1970, 
Liu  and  Cantliffe,  1984),  and  2)  small  cells,  relatively 
isodimetric,  rich  in  cytoplasm,  prominent  of  nuclei,  thin- 
walled,  and  minimally  vacuolated  (sharp  et  al.,  1960;  1979; 
Halperin,  1970). 

Media 

Given  an  embryogenic  tissue,  development  of  asexual 
embryos  occurs  in  a wide  range  of  media  depending  on  the 
species  and  the  type  of  explant.  All  of  the  media  used 
contain  a balanced  salt  mixture,  sugar,  vitamins  and,  most 
importantly,  growth  regulators.  Evans  et  al.  (1981) 
reported  that  70t  of  embryogenic  calli  were 
Hurashige  and  s)(oog  media  (MS)  (1962). 


cultured 


A key  element  of  the  HS  nedium  is  the  presence  of  high 
levels  of  nitrogen  in  the  form  of  ammonium  and  nitrate. 
The  source  of  reduced  nitrogen  can  also  be  in  the  form  of 
complex  addenda  such  as  coconut  milk,  or  single  amino  acid 
such  as  L-glutamine  {kamada  and  Karada,  1979]  or  L-alanine 
(Hetherell  and  Dougall,  1976).  The  ammonium  ion  can  in 
itself  serve  as  a sole  source  of  nitrogen  (Ammirato  and 
Steward,  1971). 

of  the  other  salts  present  in  all  culture  media, 
potassium  is  essential  for  somatic  embryogenesis  {Peinert 
et  al.,  1967).  Iron  was  also  reported  to  be  important  and 
effective  in  embryo  development  from  the  globular  stage 
(Ammirato,  1983) . It  is  present  in  MS  in  a chelated  form. 

The  growth  regulator  auxins  in  combination  with 
cytokinins  appear  to  be  the  most  critical  and  essential 
factors  for  the  onset  of  growth  and  induction  of 
embryogenesis  (pujimura  and  Komamine,  1980),  Some  species 
li)ce  carrot  readily  produce  an  embryogenlc  culture  with  a 
range  of  auxins  (Ammirato,  1983).  But  2,4-D  at  0.05-6.0 
mg/1  was  the  most  effective  and  usually  used  along  with 
kinetin.  Higher  levels  of  2,4-D  have  been  reported  for 
Phoenix  dactvlifera  fPeynolds  and  Murashige,  1979) . 
Maturation  of  embryos,  however,  requires  removal  or 
reduction  of  2,4-D  concentration,  on  secondary  medium. 

Carbohydrates  are  also  important  in  the  process  of 
embryogenlc  induction.  Sucrose  in  particular,  appears  to 


Regeneration  from  callua  culture  has  been  reported  in 
few  studies  and  mostly  from  seedling  explants.  This 
included  hypocotyl  of  £•  alba  (Kitahara  and  Caldas,  197S), 
seedling  lignotubers  and  cotyledons  of  fi.  citriodora  (Xneja 


and  Atal,  1969;  Lakshmi  Sita  1979.  1966),  whole  seeds  or 
seedling  pieces  of  E-  "leichow*  (Quyang  et  el.,  1981), 
cotyledons  and  stanens  of  £•  marainata  (Bennett  and  Mccoab, 
1982) , seedling  shoots,  roots,  hypocotyls  and  cotyledons  of 

Eucalyptus  globulus  (Oka  et  al.,  1982).  In  all  of  these 


McCoisb,  1982).  Regeneration  was  mostly  through 
organogenesis  and  formation  of  shoots.  However,  embryoid 

by  Lakshmi  Sita  (1986) , and  somatic  enbryogenesis  was 


claimed  by  Quyang  et  al.  (1981)  with  E-  "leiehow"  from 
nodular  red  callus.  Ko  anatomical  or  histological  work  was 


E-  crandls  was  found  difficult  Co  regenerate  from 
callus.  De  Fossard  (1974)  mixed  E-  orandis  callus  with 
tobacco  hoping  that  a diffusible  factor  from  the  tobacco 


Objectives 


embryogenesis  for  this  important  species.  The  specific 


1)  EBbryogenic  developnent  froB  somatic  eslla  depends  on 
the  kind  of  tissue  used  used  as  explant.  In  other 


grandis  pos 


and  organs 


manner  to  form  globular,  heart  and  torpedo  stages. 

3)  Well  defined  nutrient  media  are  required  for  induction 
of  embryogenlc  pathway  and  maturation  of  somatic 


Material  and  Methods 

explants  on  primary  media  with  a combination  of  a wide 
range  of  auxin  and  cytokinin  concentrations.  Calli  were 

concentration  of  auxin  and  cytokinin  to  attempt  to  induce 

enbryogenic  callus  and  what  type  of  explant  was  more 
responsive  to  culture  conditions  were  examined.  Unless 


[1968) (BS)  vitanins,  supplemented  with  45  g/1  sucrose,  200 
ng/1  glutamine,  lot  coconut  milk  and  6.5  g/1  of  agar.  Media 
pH  was  adjusted  to  5.5  before  autoclaving.  Plant  material 
and  media  were  steriliaed  as  generally  described  in  chapter 
2.  cultures  were  initiated  in  the  primary  media  under  dark 
conditions  with  temperature  of  28°  C and  25°  C day  and  night 
respectively,  cultures  on  secondary  media  were  kept  under 
12  hours  of  day  and  night  with  light  intensity  of  average 
photon  flux  density  of  photoeynthetically  active  radiation 
(PAH)  of  35  UBole  m'*  s‘‘. 

The  Explant 

The  following  were  used  as  explants:  immature 
inflorescences,  floral  parts  (stamen  filaments  and  ovary 
tissues),  embryos,  hypocotyls  of  young  seedlings,  shoot 
tips  from  2-month-old  sprouts  and  shoot  tips  from  sprouts 
subcultured  several  times  in  multiplication  medium  as 
described  in  chapter  2.  Explants  were  collected  from  5- 

and  ovaries  were  excised  from  floral  buds  collected  in 


from 


girdled 


February  1987)  were  collected  in  Bay  1987.  Open-pollinated 
seeds  were  also  collected  from  the  same  clones  to  provide 
zygotic  embryo  explante  and  seedlings  for  hypocotyl 
explants. 


Media 

Initial  studies  showed  that  callus  can  be  induced 
from  immature  inflorescences  on  up  to  10  mg/1  of  2.4-D. 
Accordingly  concentration  of  2,4-D  in  the  primary  media  was 
tested  in  a factorial  of  seven  levels  of  2«4-D  (1,  2,  3,  4. 
6,  8 , 10  mg/1),  and  two  levels  of  hinetin  <0.0,  1.0  mg/1) 
(Table  4-1) . Call!  were  then  transferred  to  secondary  media 
after  3-4  weelcs  in  the  primary  media.  Secondary  media 
tested  contained  reduced  hormonal  concentrations  of  1/4  and 
1/8  and  0.0  of  that  in  the  primary  media.  Sucrose  was  also 
reduced  to  30  mg/1. 

Failure  to  obtain  somatic  embryogenesis  with  2,4-D  led 
to  experimentation  with  NAA  at  6,  4,  2,  1 mg/L  in 
combination  with  1,  .5,  and  0.0  mg/L  of  Xinetin  in  the 
primary  media.  secondary  media  also  contained  reduced 
hormonal  concentrations  to  1/4,  1/8  and  0.0  of  that  in 
primary  media  and  30  mg/1  of  sucrose. 

Design  and  Statistical  Analysis 

In  the  primary  media  tested,  20  explants  pec  type 
distributed  over  four  plates  were  cultured  per  treatment. 


Callus  Dass  and  conpactness  and  root  fomation  wars  scored 
in  a 1-6  scale.  Light  nicroscopy  was  performed  regularly  to 
observe  organization  of  callus  and  fomation  of  somatic 
embryos,  shoots,  and  roots.  The  callus  from  each  initial 
explant  in  the  primary  media  was  divided  into  three  and 
subcultured  into  each  of  the  secondary  media  tested.  Also 
regular  light  microscopy  was  done  regularly  to  observe  if 
there  was  formation  of  somatic  embryos  at  any  stage  of 
development  (globular,  heart,  and  torpedo)  and 
organogenesis  by  formation  of  either  shoots  or  roots. 

SAS  (1985)  procedure  NPAKIHAY  was  used  for  the 
analyses  of  callus  mass  and  compactness  data.  The  Kruskal- 
wallis,  the  nonparametrlc  one-way  analysis  of  variance  by 
ranks,  option  was  used  to  test  the  means  with  the  test 
statistics  H as 


■ number  of  groups. 

= number  of  observations  in  the  jth  group, 
number  of  observations  in  all  groups 
combined. 


the  ran)cs 


jth  group, 


Figure  4-1.  £.  arandis  callus  on  primary  madia:  a)  at  the 

and  b)  morphogenic  hypocotyl  shiny  red  pigmented  callus  on 
4 »g/l  ot  NAA  and  1 mg/1  of  kinetin. 


accompanied  with  browning  and  eventual  death  of  the  call! 

Stamen  filaments  from  floral  buds  produced  very 
friable  and  soft  callus,  as  compared  to  the  immature 
inflorescences,  on  l and  2 mg/1  of  2,4-D  with  1 og/1 
kinetin.  Higher  2,4-D  concentration  resulted  in  browning 
and  death  of  the  explante.  The  soft  friable  callus  of  the 
stamens  filaments  was  also  non^morphogenic  when  transferred 
to  secondary  media,  culture  of  ovaries  produced  large 
amounts  of  phenols,  presumably  due  to  injuries  from  the 
extraction  procedures,  and  they  eventually  died. 

Callus  was  also  produced  on  shoot  tips  cultured 
directly  from  coppice  material  and  from  coppice  material 
subcultured  in  multiplication  media  (as  described  in 
Chapter  2]  in  concentrations  up  to  6 ng/1  of  2,4-D  (Table 
1) . Higher  concentrations  tended  to  kill  the  shoot  tip  or 
produce  a small  brown  mass  of  callus.  Similar  to  immature 
inflorescences,  compactness  of  the  callus  increased  with 
decreasing  2,4-D  concentration  and  with  the  presence  of 
kinetin.  Occasional  root  production  was  observed  on  1 -2 
mg/1  of  2,4-D  with  no  kinetin.  Transfer  of  callus  from  the 
shoot  tips  resulted  in  browning  and  death  of  the  callus 
cells  similar  to  that  of  floral  parts. 

Zygotic  embryos  and  hypocotyl  from  one-week  -old 
seedlings  showed  similar  response  to  that  of  shoots  with 
2,4-D,  but  more  roots  were  observed  and  the  callus  was  more 


nodular,  and  usually  whitish  yellow  and  occasionally  red 
pigmented.  Transfer  of  such  callus  to  secondary  nedia 
resulted  here  again  in  browning  and  death  of  callus. 


Pesponsft  of  Eimlants  t 


NAA  treatments  produced  less  variable  callus  than  2,4- 
D treatments  for  most  of  the  explants.  Immature 
inflorescences  produced  callus  at  concentrations  higher 
than  2 mg/1  of  HAA  with  no  significant  difference  between 
the  treatments  in  term  of  callus  compactness,  mass,  and 
color.  Callus  tended  to  be  nodular  and  creamy  yellow  in 
color.  Po  differentiation  of  embryos,  shoots,  or  roots  was 
observed  on  the  primary  or  secondary  media.  Use  of 
subcultured  shoots  produced  similar  results,  with 
occasional  root  formation  on  media  free  of  kinetin. 

Hypocotyl  culture,  on  the  other  hand,  produced  shiny 
red  pigmented  callus  on  4 mg/1  of  NAA  and  1 mg/1  of  kinetin 
(Figure  4-lB) . A degree  of  organization  accompanied  with 
root  formation  were  observed  after  4 weeks  in  culture. 
Transfer  of  such  callus  to  a hormone  free  medium  produced 
highly  morphogenlc  nodular  tissues,  with  massive  number  of 
shoots  and  shoots  primordia  (Figure  4-2).  Shoots  were 
successfully  enhanced  to  grow  in  a medium  with  low  auxin 
and  cytokinln  concentration,  similar  to  that  described  by 
Quyang  (1981).  Rooting  was  also  achieved  on  low  hormonal 


L-.3  mg/1). 


The  nodular  tissue  nasses  of  four  genetic  lines  have 
been  sub-cultured  for  over  two  years  on  1/4  HS  now  with  the 
same  regenerative  ability  when  transferred  to  shoot 
enhancement  media. 


Discussion 

A hey  element  in  the  utilisation  of  the  full  potential 
of  tissue  culture  for  eucalypts,  and  woody  perennials  in 
general,  is  the  developnent  of  regeneration  systems  from 
callus.  In  this  study,  unlike  the  hypothesis,  regeneration 
through  somatic  enbryogeneals  was  not  possible  under  the 
experimental  conditions  used.  However,  highly  morphogenic 
callus  from  hypocotyl  explants  was  induced  which  produced 
massive  number  of  shoot  primordia  (Figure  4-3J  and 
adventitious  shoots  through  organogenesis  (Figure  4-2,  4- 
3] . Such  callus  is  similar  to  that  reported  by  Quyang  et 
al.  (1981) . 

Somatic  Embrvoaenesls 

Eucalyptus  somatic  embryogenesis  was  reported  by 
Lakshmi  Sita  (1986)  and  Quyang  et  al.  (1981),  where  they 
did  not  definitely  identify  somatic  embryos.  Lakshmi  Sita 
(1986)  described  formation  of  embryo-like  structures,  which 
did  not  develop  into  plantlets  and  no  histological  work  was 
reported.  In  the  other  study,  Quyang  (1981)  reported 
similar  callus  to  the  one  observed  in  this  study.  However, 


that  study 


organogsnssls  than  somatic  eabryogenesis,  since  they  had  to 
induce  shoots  and  roots  separately  with  hormonal  treatments 
on  what  they  mentioned  as  somatic  embryos.  In  this  study  a 
large  combination  of  hormonal  treatments  with  different 
types  of  explants  was  tried  to  induce  embryogenic  pathway. 

the  precise  developmental  processes  associated  with  somatic 
enbryogenesis.  It  is  possible  that  some  or  all  of  the 
experimental  conditions  followed  in  this  study  were  not  the 
appropriate  stimuli  which  could  induce  the  embryogenic 
development  pathway  of  £■  orandls  hybrids. 

the  somatic  embryogenesie  process  include  the  kind, 
concentration,  and  balance  of  hormones  in  the  media,  the 
explant,  and  identification  of  the  embryogenic  culture 
(Ammirato,  1983;  Vasil  and  Vasil,  19B4).  The  kind,  balance 
and  concentraticn  of  growth  regulators  in  the  primary  and 
secondary  media  in  addition  to  the  basal  media  have  a large 

study  used  2,4-D  (the  mostly  used  auxin  for  the  induction 
of  embryogenic  culture  (Ammirato,  1983))  and  NAA  with 
kinetin  in  the  primary  media  and  reduced  concentration  in 
the  secondary  media.  Induction  of  callus  was  usually 


dlfCc 


of  shoots  or  embryos.  This  may  indicate  that  2,4-D  under 
the  experimental  conditions  described  in  this  study  is  not 
the  appropriate  hormone  for  E-  orandls  morphogenic  callus 
induction.  However,  it  is  also  possible  that  other  factors 
rather  than  2,4-0  itself  were  the  reason  behind  the 

the  basal  nutrient  medium,  and  the  physical  conditions 
around  the  culture.  The  explant  age,  type  and  origin,  and 
the  physiological  state  of  the  stock  plants  have  a large 
impact  on  morphogenesis  (Thorpe,  1982).  Although  this  study 
investigated  some  of  the  commonly  used  organs  and  tissues 
for  somatic  embryogenesis,  they  may  not  be  the  most 
responsive  tissues  for  £•  orandls.  or  they  were  not  at 
their  optimal  developmental  stage. 

Another  key  factor  is  the  early  identification  of  the 
embryogenlc  callus.  Vasil  and  Vasil  (1984)  emphasized  the 
importance  of  early  identification,  selection  and  culture 

mentioned  that  such  callus  is  usually  associated  with  other 
type  of  calli  which  grow  fast  and  can  easily  overgrow  the 
embryogenlc  callus  (Vasil  and  Vasil,  1984).  it's  very 

knowledge  about  its  morphological  and  histological 


jlbility 


was  induced,  but  was  not  Identltied  and  was  overgrown  by 
other  calli. 

somatic  embryos,  especially,  since  somatic  eubryogenesis 
has  been  extensively  observed  in  many  other  plant  species 


is  needed  to  possibly  identify  the  appropriate  factors  and 


stimuli  for  £•  arandis. 


Oroanooenesis 

2,4-D.  NAA  and  kinetin  induced  more  organized  callus  with 
root  differentiation  from  shoot  tips  and  zygotic  embryos 
and  highly  norphogenic  callus  from  hypocotyl  explants 
(Figure  4-lb) . Eucalyptus  hypocotyls  were  reported  in  other 

explants  (Kitahara  end  Caldas,  1975;  Aneja  and  Atal,  1969; 
Lakshmi  Sita  1979,  1981;  Hehra-Palta,  1982;  Oka  et  al. 
1982;  Quyang  et  al.,  1981). 

The  morphological  characteristics  of  the  hypocotyl 
norphogenic  callus  induced  in  this  study  on  4 mg/1  of  NAA 


et  al.  1981)  red  pigmented  nodular  callus  as  more 
morphogenio  than  other  types  of  calli.  Other  red  nodular 
pigmented  callus  from  hypocotyls  was  reported  by  Lakshmi 
sita  [1979)  and  0)ca  et  al.  (1982),  where  limited 
regeneration  of  plantlets  through  organogenesis  was 
obtained.  In  this  study,  however,  transfer  of  such  callus 
to  media  with  low  hormonal  concentration  produced  nodular 
tissues  and  roots  and  then  large  number  of  shoot  primordia 
within  four  wee)c5  (figures  4-2,  4-3)).  Similar  morphogenic 
response  was  reported  by  Quyang  et  al.  (1961),  which  they 
described  as  somatic  embryogenesis  development.  The  high 
shoot  organogenesis  observed  in  this  study  and  Quyang 
(1981)  compared  to  the  other  Eucalvntus  reports  nay  be 
related  to  the  reduction  of  the  hormonal  concentration  in 
the  secondary  media.  In  all  the  other  reports  with 
Eucalyptus,  morphogenic  callus  was  transferred  to  media 
with  relatively  high  cyto)cinin  concentration  (.5  mg/1  or 

In  order  to  maintain  the  nodular  tissues  and  shoot 
primordia  and  suppress  further  shoot  development,  reduced 
basal  media  was  found  useful.  Haintenance  of  the  nodular 
tissues  and  shoot  primordia  was  achieved  on  a simple 
hormone  free  medium  which  contain  1/4  MS,  20  ng/1  of 
sucrose,  and  2.59  coconut  water  on  a monthly  transfer 
schedule.  It  has  been  subcultured  so  far  for  2 years 
without  losing  it  regenerative  power.  This  would  have 


significant  practical  applications  including  a ready  source 
of  regenerative  naterial  and  conservation  of  specific 
genotypes.  Lose  of  regeneration  abilities  with  subculture 
vas  reported  with  some  species (Bonga , 1962). 

For  general  vegetative  propagation,  the  organogenesis 
observed  with  the  hypocotyl  explants  can  provide  large 
number  of  plantlets.  However,  that  may  not  be  optimal  for 
genetic  engineering  purposes.  Somaclonal  variation  can  be 
possible  through  this  organogenesis,  however,  there  is 
chance  for  chimeric  tissues  since  plantlets  can  not  be 
traced  back  to  single  cell  origin  as  would  be  the  case  with 
somatic  embryogenesis. 


Conclusions 

Somatic  embryogenesis  of  £.  orandis  hybrids  was  not 
possible  under  the  experimental  conditions  used  in  this 
study.  Explant  response  to  2,4-D  varied  with  tissues  and 
organs.  Floral  buds  were  more  tolerant  to  2,4-D  than  other 
types  of  explants,  producing  healthy  callus  in  up  to  10 
mg/1  of  2,4-0.  Also  callus  color,  compactness,  and  quantity 
depended  on  the  explants  origin. 

Juvenile  tissues  appeared  to  be  more  responsive  to 
hormonal  treatments  than  other  type  of  explants.  Hypocotyls 
from  germinating  seedlings  produced  highly  morphogenic 
callus  on  4 mg/1  of  HAA  and  1 mg/1  of  kinetin  under  dark 
conditions.  The  morphological  characteristics  of  such 


Eucalyptus  Borphc 


study.  The  inpressive  differentiation  of  shoots  and  shoot 

phenonenon  may  lead  to  understanding  of  coppicing,  the 
natural  ^ novo  development  of  shoots  associated  with 
cutting  or  girdling  of  Eucalyptus  stems. 

multiplication  medium  (Chapter  2)  produced  nodular  red 
pigmented  callus  on  NAA  primary  media,  but  failed  to 
regenerate  when  transferred  to  secondary  media.  Such  callus 
holds  the  promise  for  regeneration.  So  this  type  of  explant 
has  the  most  potential  for  indirect  regeneration  of 
genetically  field-tested  Eucalyptus  trees.  Further 
subculture  of  shoot  on  cytoklnin  multiplication  medium  nay 
lead  to  rejuvenation  of  shoots  to  the  point  where  it  can 
respond  to  culture  and  produce  more  morphogenio  callus. 

he  directed  to  further  trial  with  growth  regulators, 
especially  NAA,  and  lAA.  Also,  since  hypocotyls  and 

their  use  first  as  explants  to  identify  embryogsnlc  callus 
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SEHERAL  CONCUtSIONS 

Vegetative  propagation  of  eucalypts  is  a useful  tool 
for  imoediate  capturing  of  genetic  potential  of  elite 
trees.  Cloning  through  rooted  cuttings  was  successful  with 
large  genetic  gains  reported  in  Aracruz,  Brazil.  Tissue 
culture  cloning  could  serve  as  a better  alternative  with 
tremendous  potential  for  tree  improvement  programs, 
afforestation,  physiological  and  silvicultural  studies 
where  genetic  uniformity  is  desired,  and  for  conservation 
of  germplasm.  To  fully  realize  and  use  this  potential,  for 
any  specific  purpose,  a suitable  regeneration  system  has  to 
be  developed.  To  be  biologically  and  economically  sound 
such  a system  has  to  consider  the  guality  and  quantity  of 
the  regenerates.  This  study  was  conducted  to  develop  direct 
and  indirect  regeneration  systems  and  shed  light  on  these 
two  major  aspects  for  selected  Eucalyptus  orandis  hybrids. 

Direct  micropropagation  was  successful;  more  than  a 
million  plantlets  for  operational  planting  can  be  produced 
from  a single  nodal  segment.  The  key  factors  for  the 
success  of  this  method  were  the  forcing  of  relatively 
juvenile  sprouts  from  mature  trees  by  girdling  and  their 
use  as  explants.  Also,  continual  subculturing  in  a 


cytokinin  medium  contributed  significantly 


increasing 


the  rooting  succeas  (which  is  considered  as  one  of  the 
major  problems  of  eucalypts  propagation). 

Further  research  is  needed  to  reduce  the  cost  by 
developing  automated  systems.  The  uniformity  and  the  clump 
subculture  of  shoots  can  aid  in  developing  such  a system. 
Direct  rooting  of  elongated  shoots  in  mist-greenhouse 
would  eliminate  the  in  vitro  rooting  step.  Research  efforts 
can  also  concentrate  on  understanding  the  juvenility 
aspects  observed  with  sprouts  and  continual  subculturing  in 
cytokinin  medium.  This  could  add  to  the  understanding  of 
physiological  mechanisms  controlling  these  natural 
phenomena.  Xylogenesis  studies  with  relation  to 
development  of  strong  shoot  is  another  important  aspect 
which  should  be  considered  for  further  research. 

Directly  micropropagated  plantlets  of  £.  crandis 
hybrids  showed  high  survival  rate  with  no  sign  of  abnormal 
physiological  or  growth  behavior  in  the  greenhouse. 
Compared  to  seedlings,  plantlets  differed  mostly  during  the 
early  post-culture  development  in  all  the  studied 
parameters,  and  the  differences  decreased  with  time.  The 
five  month  greenhouse  study  showed  that  seedlings  had 
higher  net  photosynthesis  rates  only  after  the  first  40 
days  in  the  greenhouse  following  the  mist  phase.  That  was 
explained  by  higher  efficiency  of  the  young  seedlings. 
However,  after  80  days  in  the  greenhouse  seedling  net 
photosynthesis  dropped  to  that  of  plantlets.  Similar 


results  were  sbsai-ved  with  chlorophyll  and  nitrogen 
concentrations.  Plantlet  and  seedling  parallel  responses 
over  time  may  reflect  no  change  in  plantlet  physiological 
responses  to  changing  environmental  conditions. 

Plantlet  dry  natter  accumulation  and  distribution  was 
also  significantly  different  from  seedlings,  and  the 
differences  decreased  with  time.  Plantlets  exhibited 
greater  root  growth  during  their  early  development  and 
lower  relative  growth  and  net  assimilation  rates.  The 
similar  ranging  of  the  parents  among  plantlets  and 
seedlings  for  shoot  and  root  dry  weights  and  shootcroot 
ratios  may  indioate  genetic  control  over  these  traits  that 
were  expressed  similarly  by  plantlets  and  seedlings. 

These  results  suggest  that  under  practical  production 
conditions,  deleterious  physiological  differences  which 
could  influence  future  performance  of  Eucalyptus  grand Is 
hybrids  seedlings  and  plantlets  are  not  apparent.  This 
suggests  that  culture  conditions  did  not  alter  the  genetic 
potential  of  plantlets.  An  ongoing  field  experiment  showed 
100%  plantlet  survival  and  no  significant  differences  in  3- 
month  and  7-month  height  measurements  of  plantlets  and 
seedlings.  These  results  clearly  demonstrate  that  tissue 
culture  derived  plantlets  have  the  potential  to  capture 
genetic  gain  of  selected  E-  grandls  hybrid  trees,  and 
recommend  the  use  of  tissue  culture  as  an  integral  part  of 
tree  improvement  programs.  Further  research  is  needed  to 


understand  if  the  differences  between  seedlings  end 
plantlets  at  the  early  stage  of  developnent  are  due  to 
culture  conditions  or  physiological  age. 

Indirect  nioropropagation  attempts  from  mature-tree- 
explants  were  not  successful  and  have  enforced  the 
importance  of  juvenility.  Juvenile  explant  from  one-week- 
old  seedlings  were  more  responsive  to  hormonal  treatments 
and  produced  highly  morphogenic  callus,  which  differentiate 
into  massive  number  of  shoots  and  roots.  The  morphological 
characteristics  of  such  callus  confirmed  other  reports  that 
Eucalyptus  morphogenic  callus  is  generally  nodular, 
compact,  and  red  pigmented. 

Somatic  embryogenesis  was  not  possible  under  the 
conditions  described  in  chapter  4 . Further  research  on  this 
area  is  needed.  The  use  of  embryogenic  explants  can  aid  in 
developing  the  system  faster  and  then  it  can  be  applied  to 
other  types  of  explants.  Further  studies  can  also 
concentrate  on  the  impressive  shoot  and  root 
differentiation  observed. 
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